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CHAPTER I 
INTRODUCTION 
2 
The process of agricultural diffusion is the 
spread of modem agricultural implements and new varieties 
of seeds in space over time. The process of cultivation 
and production requires the help of human labour, mechanical 
implements, fertilizers, irrigation and pesticides. Innovations 
are taking place in the established methods of agricultural 
practices,"»'r # » . . . * culture, ideas etc. with the help 
of private institutions and the government machineries. 
It is evident that an innovation is not accepted 
straight away in smy region but it takes time before all 
or a majoriiy accept it, and this adoption rate is very 
uneven. In the beginning there is a tough resistence but 
gradually it weaks down with the constant efforts of the 
extension workers as they convince the adopter with the 
utility and profits of that innovation. Diffusion of any 
item depends upon the usability, popularity, ease of 
handling, source and force of information level of income 
and the cultural traits of the adopter inhabiting the area. 
In view of population growth and no improvement 
in agricultural production, it is unimaginable how one 
should be able to solve the food problem of millions of 
people. The problem may be tackled by spreading the use 
of new innovations in technological aspect of agriculture. 
The present study shall be useful in following respects: 
3 
A. It has direct relevance to socio-economic change 
and the perception studies about the adoption of the 
innovation. 
B. It is very important to the agricultural extension 
worker who would like to know the way farmers are 
likely to hehave when he introduces an agricultural 
innovation (the hypothesis preducting the movement of 
the teaching programme more efficiently), 
C. The anthropologists who deal with the problem of 
diffusion of cultural traits would be interested to 
know in what precise way such cultural traits diffuse 
in a community and is there any relationship in the 
diffusion of cultural traits and that of agricultural 
innovations. 
The study about the diffusion of agricultural 
innovation has paramount importance in agricultural sector 
where the old society is in the process of change. The 
recent change in agricultural production has led to the 
economic growth and the growth of agro-based industries. 
Since Green Revolution which is mainly associated 
with the discovery of the high-yielding varieties of rice and 
wheat each and every farmer knows the potentialities of 
4 
those modern inputs and they are getting benefise after 
using these innovations in their operational fields. 
It is seen from the present work that the 
development of Indian agriculture depends upon the technological 
change - a chaijge in the parametre of production function 
resulting directly from the use of knowledge. 
The use of technology in agriculture is geared to 
serve immediate and long term purposes. In the long term 
purpose, the full employment at progressively rising 
levels of income is providedfor the population which is 
engaged in agricultural practices. Technology has a direct 
application in the last and more important sphere of action 
programmes. These development programmes are related to 
the conservation of sources in soil and forests, expansion 
of irrigation works, extension of cultivation through 
reclamation, intensive farming through the application of 
the results of research and manures and fertilizers, high-
yielding varieties of seeds and modern agricultural 
machinery and implements. 
Prom the present work it is concluded that with 
the use of modern agricultural implements, high-yielding 
varieties of seeds and scientific methods^ the agricultural 
5 
production can increase very much. But the fact is that 
the land and man are the essential ingredients on which 
the agricultural production fully depends. The efficiency 
of technological and institutional factors is appealing 
only when the land and man are in proper condition. 
The institutional factors have their own importance. 
These factors are highly responsible for the development of 
agricultural production, A single word 'land reform' is 
used to increase the productive efficiency of land. 
Because of this land reform and technology, the agricultural 
productivity can be increased, A farmer can produce more 
food grains if his land is in proper condition and well 
reformed after using the modern technology in his 
operational field. 
Western Uttar Pradesh is a highly developed region 
among the other regions of Uttar Pradesh from the view 
point of agriculture. It is due to this reason that the 
region is well supplied by the institutional and technological 
innovations. 
The technological innovations are very much 
responsible for raising the agricultural productivity in 
Western Uttar Pradesh. The Green Revolution in India during 
the late sixties and early seventies transformed India 
6 
from a country living from "strip to mouth" to one now 
in a position to export food grains. The impact of Green 
Revolution can also be seen in the study area where the 
production has gone up very much as compared to other 
regions of Uttar Pradesh. 
The institutional factors also played a significant 
role in increasing the agricultural production of western 
Uttar Pradesh. Here the land and man are in proper 
condition. Land refonns had played a crucial role in the 
development of agricultural productivity of western 
Uttar Pradesh, 
Agriculturally, western Uttar Pradesh is much 
developed than the other regions of Uttar Pradesh but the 
inter-district imbalances in the levels of agricultural 
productivity can be seen. The districts like Saharanpur, 
Muzaffarnagar and Meerut are highly productive, while 
Moradabad, Mathura, Bulandshahr, Aligarh are medium 
productivity districts and remaining are the low productivity 
districts. The backward areas lack adequate infrastructure. 
Because the variations in the levels of development in 
various districts are accompanised by equally sharp 
variations in infrastructure facilities. It is therefore 
of the highest importance tliat infrastructure development 
and programme development should go hand in hand. The areas 
7 
which are low productive must provide all the important 
modern inputs such as fertilizers, high-yielding varieties 
of seeds and modern agricultural implements and machineries, 
adequate irrigation facilities with all the possible 
sources played a crucial role in the development of 
agriculture. Therefore, it is the need of the hour that 
areas which suffer lack of irrigation will be provided 
immediate irrigation facilities and other modern inputs for 
the development of agriculture. 
For better understanding, the whole work is 
divided into five chapters. The first chapter deals with 
the introduction of the problem. The problem of how the 
technological and institutional innovations diffused in 
western Uttar Pradesh and what is their impact in the 
development of agriculture. Chapter second highlights the 
review of the past literature. 
The third chapter examined the role of technological 
„ _ _ . — • ' 
and institutional factors in increasing the agricultural 
productivity in the study area. These factors play a 
significant role in the development of agriculture not only 
in western Uttar Pradesh but also in India. The technological 
factors which are considered in this chapter are irrigation 
which is the surest way for increasing the agricultural 
productivity, fertilizers which play a catalyst role in 
8 
the development of agriculture, high-yielding var ie t i es of 
seeds which can increase the agricul tural productivity very 
much i f the chemical f e r t i l i ze r s and well i r r iga t ion 
f a c i l i t i e s is provided, by replacing the age old agricul tural 
implements into modern agricul tural implements and 
machineries such as t rac to rs , pumping se t s , harrowers 
weeders and harvesters can increase the production of food 
grains, mechanization which i s a most conspicuous weapon 
and can revolutionise Indian agriculture and l a s t ly the use 
of pesticides and control of diseases which play a very 
important role in the development of agricul ture. 
The ins t i tu t ional factors which are considered for 
the study in this chapter are land holdings, consolidation 
of holdings which i s a fa i r ly important in increasing the 
agr icul tura l development, effects of consolidation of 
holdings on cult ivation, c r e d i t sujpjply which i s the most 
imporjtant means^hich directly benefit the poor farmers at 
^the tjjne of sowing crops and the rate of diffusion of 
p-?edi4-.supply to faster than post independent period, 
cooperative societ ies and finally land tenure and land 
revenue. 
The fourth chapter concern withthe methodology 
% — • — 
to show the relationship between the various variables and 
agricultural productivity. 
9 
Chapter f i l t h deals v/ith the physic-^l set''"in'-, of 
V/estern Uttar Pradesh in order to become ful ly acouainted 
v/ith the eavironraental setup of the study area. 
The sixth chapter devoted to the technolo'^icnl and 
i n s t i t u t i ona l fac tors , their 3|)-e?J and di'^Tu ion in wer-.tern 
Uttar Pradesh and f ina l ly , the seventh chapter i s relr^ted to 
the impact of tecUnolo^^ical aari instit'J-!"1onal lactorr. on 
agr icu l tura l productivi ty. 
10 
CHAPTER I I 
STUDIES ON AGRICULTUEAL DEVELOPMENT: 
A REVIEW 
It 
Agriculture has witnessed over all development 
in the world since the beginning of this century. Indian 
agriculture has also undergone change owing to governmental 
efforts and scientific utilization of land. The government 
has setup commissions and committees for the promotion of 
the welfare and prosperity of rural population in India, 
e.g. the Famine Commission, the Committee on Cooperation 
of 1915 and Royal Commission on agriculture in India 1926. 
These commissions and committees made many recommendations 
for the development of agriculture in India. 
After independence, India has achieved a lot as 
far as agriculture is concerned. 
According to H.P. Khare, due to certain inbuilt 
constraints of a backward area, development in certain part 
cannot be spread to the rest of the area and the agricultural 
development should be coordinated with dispersal process 
through a chain of agro-based industries. It is through 
such a decentralised strategy that we can achieve the 
1 
balanced regional agricultural development in the country, 
Shafi has given a formula both to determine the 
agricultural productivity and to determine the productivity 
1 Khare, H.P., Yojana, Vol.31, No.3, 1987, 
p.20. 
12 
Of a particular crop with reference to yield per hectare 
and the area of that crop in the district in relation to 
2 
the national level. 
Tara Shukla pointed out certain problems of growth 
of traditional agriculture such as transformation of 
traditional agriculture, stages of increasing agricultural 
production, spread of new technology and bases of technological 
research; 
According to Shafi, the optimum use of land for 
production depends to a large extent on the level of technology 
and the system of farming. In his opinion, there are two 
ways for increasing food production: a) increasing the area 
under cultivation and b) increasing the output per head. 
He also points out that one of the major hinderance in the 
optimal use of the land lies in the land tenure system. 
According to Chawdhari, the farmers, in order 
to produce more^need to spend more on improved inputs which 
Shafi, M., "Measurement of Agricultural 
Productivity of the Great Indian Plains", 
The Geographer. 1972, Vol.19, No.1, 
pp.4-15. 
Shukla, T., iJconomics of Underdeveloped 
Agriculture, Bombay. 1969. p.1. 
Shafi, M., "Increasing our Agricultural 
Production", The Geographer. Vol.28, 
No.1, 1981, pp.1-8. 
13 
5 
must be financed either out of savings or borrowing. 
Noor Mohammad has emphasised the use of modern 
technology for bringing about a change in agricultural 
output. He pointed out the technological factors such as 
fertilizers, improved seeds, pesticides and new farm 
implements are capable of increasing the agricultural 
productivity. 
In view of Oammen, the term technological change 
means all kinds of innovations and inventions which are aimed 
7 
at increasing the efficiency of agricultural productivity; 
The point which needs immediate attention according 
to Noor Mohammad is that the gestation period between the 
first thought technological change and putting it into 
practice even at low level of intensity should be reduced. 
Therefore, for increasing about a remarkable result 
Ghawdhari, T.P.S., Crop Loam System. 
Hyderabad, 1970, pp.1-8. 
Mohammad,N., "Technological Change and 
Diffusion of Agricultural Innovations", 
Perspective in Agricultural Geography, 
New Delhi, Vol.4, 1981, pp.267-271. 
Oammen, M.A., "Technological Change and its 
Diffusion in Agriculture - Is Existing 
Institutional Setup Adequate", 
Agricultural Situation in India, Vol.21, 
No.7, 1966, p.523. 
14 
immediately a f t e r the in t roduct ion of an innovation, 
spec i f i c methods have to be taken to bring down t h i s per iod; 
Minhas and Nathan have explained the i n t e r s t a t e 
and i n t r a - s t a t e va r i a t i ons i n output in terms of v a r i a t i o n s 
in the extent of var iab le cu l turab le area and per hectare 
q y i e l d i 
Bhalla has concluded that the v a r i a t i o n in the 
a g r i c u l t u r a l product ivi ty i s introduced mainly by the 
nature of various inputs of technology. 
According to Kanwar, for a maximum output from 
land i t i s necessary to bring more land under i r r i g a t i o n , 
f e r t i l i z e r s , high-yielding v a r i e t i e s and b e t t e r agronomic 
technology. 
According to Thirumalai, the app l i ca t ion of 
technology in ag r i cu l tu re should be geared in a way to get 
8 Mohammad, N., "Technological Change and 
Diffusion of Agr icu l tura l Innovations", 
The Geographer. Vol.23, No.1, 1976, 
P P . 4 - U . 
9 Minhas, B.S. and Nathan, V., "Growth of Crop 
Output in India 1951-54 to 1958-61", 
Indian Journal of Agr icu l tura l 
Economics. Vol.17. 1965. pp.250-47. 
10 Bhal la , S . , Agr icu l tu ra l Growth - Role of 
I n s t i t u t i o n . a n d In f r a - s t ruc tu re Factors , 
Economic and P o l i t i c a l Weekly. Vol.12, 
No.45, 1977, p.1898. 
11 Kanwar, J . S . , " F e r t i l i z e r - The Kingpin i n 
Agr icu l tu re" , Indian Farming. Vol.18, 
No.12, 1969. 
15 
immediate and long term gains. The development programmes 
based on technology are related to the conservation of 
s o i l resources, expansion of i r r iga t ion f a c i l i t i e s , intensive 
farming through the application of modern techniques, 
manures, f e r t i l i ze r s and high-yielding var ie t ies of seeds] 
In the present days what i s needed to improve 
agriculture in a l l parts of the country in view of Bhatia 
to conduct area-wise study of the cul t ivators problems and 
evolve technology to meet specifically the problems and 
constraints causing low productivity in each region. I t 
i s because of technological innovations that the world 
agricul ture is able to feed world's population today. The 
innovations came one after another in stages. At every 
stage, the adoption of new technique meant a great leap 
13 
forward towards increase in agricultural production. 
According to Pal, the irrigation alone cannot 
increase the required agricultural production. It is the 
other inputs also used with adequate water supply which 
can increase the agricultural production!'^ 
12 Thirumalai, 3., Post-war Agricultural Problems 
and Policies in India. Bombay, 1954, "" 
15 Bhatia, B.M,, Poverty. Agriculture and Economic 
Growth, Kanpur, 1977, p.136. 
14 Pal, B.P., "New Planning for Water Management 
Research", Indian Farming. Vol,17, No,10, 
1968. 
16 
Tile iffljnediate outcome of the green revolution 
was in the form of increased agricultural production 
but in view of Arshad, it has failed to make any appreciable 
difference in the overall rate of agricultural growth. 
According to him, the introduction of high-yielding varieties 
alongwith new technology and fertilizers alone cannot 
balance agricultural production. An all-round production 
and growth in all the crops in all the regions is the only 
15 
solution:-^ 
Sharma has suggested that the development of 
agriculture should be assessed not only by productivity 
levels but also with reference to inputs such as fertilizers, 
improved varieties seeds and irrigation. 
The correct use of fertilizers has been pointed 
out by Koakab Durry as an important step towards increasing 
of agricultural efficiency. This can only be not by just 
going along with general recommendations but by accertaining 
the actual nutrient deficiencies of the soil that have to 
15 Arshad, M,, "Has Green Revolution made 
any Impact", Yojana, Vol,30, No.23, 
1936, p.11. 
ID Sharma, A.C., Mechanization of Punjab 
Agriculture. Nev Delhi, 197^. 
1? 
be taken care of by applying the appropriate quantities 
17 
of nitrogen, phosphorous and potash. 
The policies of increasing the fertilizer as 
suggested by Desai should be based upon a strategy which 
aims at both rapidly converting the untapped potential 
into actual use and continuously raising the economic 
potential of fertilizer use through upward shifts in 
response functions. It has been seen that fertilizer 
diffusion has been most rapid on crops and varieties which 
respond to fertilizer use dramatically, even though they 
ifl did not have best price environment; 
According Jaine Quizon, the fertilizer is the 
crucial input in raising the agricultural productivity. It 
is because of its importance that the government intervention 
in the fertilizer market to encourage its more widespread 
19 production and use has been a common phenomena. 
17 Durry, K,, "Improving Agricultural Efficiency 
through Fertilizers", The Geographer. 
Vol,35, No. 2, 1986, pp.15-24. 
18 Desai, M,, "Policies for Growth in Fertilizer 
Consumption: The Next Stage", Economic 
and Political Weekly. May 1986, 
pp.428-53. 
19 Quizon, J., "Withdrawal of Fertilizer Subsidies: 
An Economic Appraisal", Economic and 
Political Weekly. Vol.20, No.59, September, 
1985, PP.A117-A123. 
18 
As the availability of fertilizer is limited, 
Arora and Sharma have proposed to increase area under 
pulses or other non-fertilizer using crops. Where as 
high-yielding varieties of wheat and paddy may be raised 
under irrigated conditions?*^ 
According to Comber, the general experience in 
placement would seem to indicate that no benefit is to be 
obtained in the case of nitrogenous fertilizers and little 
benefit in the case of potassic fertilizers but that 
phosphates show a decided gain, in that much less fertilizer 
needs to be placed to get optimum yield results. 
Jain concludes that agriculture is now paying 
well on account of the availability of a wide array of 
high-yielding varieties of seeds and hybrid seeds. If, 
institutional finances are made available to the farmers, 
he can purchase all these costly inputs and agricultural 
2? 
product iv i ty can be increased. 
20 Arora, V.P.3 . and Sharma, J . S . , "Optimal Al locat ion 
of F e r t i l i z e r Nutrients among Different 
Regions of Ut tar Pradesh and the Impact on 
Cropping Pa t t e rn and Production Levels" , 
Agr icu l tu ra l S i tua t ion in India , Vol.36, 
No.1, 1981, p . 7 . 
21 Comber, N.M. and Jones, T.H., An In t roduct ion to 
Af^ricultural Chemistry. London. 1964, p .96. 
2 2 Ja in , S.C., Management in Agr icu l tu ra l Finance, 
Bombay, 1970, p . 3 . 
19 
Burney advocates the use of pure seed as one of 
the cheapest input and one of the most recognised facts 
about the agricultural development,-' 
Shastry has carried out a detailed assessment of 
the two latest high-yielding varieties of rice, jaya and 
padma. 
Rege pointed out the relationship between soil, 
water and plant and suggested use of irrigation to get 
assured crop especially during drought.-' 
It is now widely recognized that in plans for 
agricultural regeneration in India, irrigation has to play 
a catalyst role. Bhatia feels that the use of the 
fertilizers and high-yielding varieties of seeds requires 
assured water supply to the farmsf 
25 Burney, 3.M.H,, "The Indian Seeds Act 
Assures Quality Seed to the 
Farmers", Indian Farming, Vol.20, 
No.5, 197dT 
24. Shastry, S.V.S., "New High-Yielding Varieties 
of Rice - Jaya and Padma", Indian 
Farming. Vol.18, No.11, 1969. 
25 Rege, N.D., "Water Management - A New Concept 
in Agricultural Planning", Indian 
Farming. Vol.23, No.11, 1969, 
26 Bhatia, B.M., Economic Structure of Indian 
Agriculture, Bombay, 1984, p.436. 
20 
The irrigation development and improved water 
management are crucial to India's agricultural development. 
The supply of land being inelastic, accelerated growth 
in production is possible only through increased multiple 
cropping and realization of higher crop yields per unit 
area, both of which are heavily dependent on irrigation?'^ 
The term irrigation is defined by Sharma as the 
application of water to soil for the purpose of supplying 
the moisture essential for plant growth. According to 
him due to the assured irrigation supply the chances of 
failure of crops are reduced in cases of drought?^ 
According B.B.Vohra, the ground water has already 
proved itself to be the most valuable source of water in 
the country for irrigation purposes. According to him, 
state ground water organisations must be responsible for 
giving competent technical advice to farmers regarding the 
kind of tube-wells and pumpsets the farmers should instal 
in their holdings so that there is no wastage of either 
scarce materials or even seaxce energy resources. He 
27 Roy, S., "Irrigation Development under 
India's New Plan (1978-83) - An 
Appraisal", Agricultural Situation 
in India, Vol.54, No.5, August 1979, 
pp.305-308. 
28 Sharma, A.N. , Economic Structure of Indian 
Agriculture. Bombay, 1984, p.436. 
21 
said that state governments should also take up systematic 
programmes for the consolidation of holdings because 
this is one of the surest ways of encouraging ground water 
2Q 
development. -^  
Vasant suggests tha t e f f i c i en t management of the 
developed water resources and supply and app l ica t ion of 
a l l o ther inputs needed for i r r i g a t e d a g r i c u l t u r e can 
produce su f f i c ien t foodgrain for the over increas ing 
popula t ion of India . 
The importance of water management for increas ing 
y i e l d s has a l so been highl ighted by Dastane and Pa t i l ?^ 
S.K. Rao pointed out the causes of va r i a t i ons in 
the a g r i c u l t u r a l p roduc t iv i ty . According to him, i t i s 
due to the difference in the growth of i r r i g a t e d area among 
32 the reg ions . 
According to B.D. Dhawan, the farm benef i t s 
from a un i t of i r r i g a t e d area are not consonant with the 
29 Vohra, B.B. , "Managing Ground Water Eff ic iency", 
Yojana, Vol .31, No.4, March 1978, pp.19-20. 
30 Vasant, N .3 , , "Development of I r r i g a t i o n and Power 
in India" , Yo.lana. Vol.31, No.6, Apri l 1987, 
p . 20. 
31 Dastane, N.G. and P a t i l , V.S. , "Water Need of Crops", 
Indian Farming. Vol.17, x'fo.lO, 1968. 
32 Rao, 3.K., "Inter-Regional Variat ions in Agr icu l tura l 
Growth", Economic and P o l i t i c a l Weekly, 
Vol .6 , No.27, 1971, pp.13 and 48. 
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s i z e of a farm h o l d i n g . Small fa rmers can g a i n , a c r e 
f o r a c r e , as much b e n e f i t s from i r r i g a t i o n as do l a r g e 
f a r m e r s . There fore , Dhawan sugges ted a p o l i c y of e x t e n s i v e 
i r r i g a t e d a g r i c u l t u r e i n which l i g h t l y i r r i g a t e d c rops 
would p repondera t e to be more a t t r a c t i v e from s e v e r a l l a r g e r 
a n g l e s such a s a g r i c u l t u r a l growth, i t s s t a b i l i t y and i n t e r -
p e r s o n a l / s p a t i a l e q u i t y w i t h i n t h e state.• '^ 
The c u l t u r a l machinery and implements as po in ted 
out by Bate r can r a i s e the a g r i c u l t u r a l p r o d u c t i v i t y and 
i t was t h e r e f o r e sugges ted t h a t machinery and implements 
should be in t roduced i n a r e a s where they a re not u sed . 
The Pood and A g r i c u l t u r e O r g a n i z a t i o n has pub l i shed 
two r e p o r t s i n 1953 and 1955. The r e p o r t pub l i shed i n 1953 
emphasised on machinery and s t a t e d t h a t the machinery i s 
more cheaper than l a b o u r . The second r e p o r t pub l i shed 
i n 1955 g ives an idea of p rog res s i n technology f o r 
a g r i c u l t u r e . Another r e p o r t pub l i shed i n 1968 d e a l s wi th 
t h e problems of r a i s i n g a g r i c u l t u r a l p r o d u c t i v i t y by 
35 
a p p l y i n g modem t e c h n o l o g y . 
33 Dhawan, 3 . D . , " I r r i g a t i o n Impact on Farm 
Economy", Economic and P o l i t i c a l y/eekly. 
V o l . 2 0 , No.39, 1985, pp.A124-A128. 
34 B a t e r , W.N., Mechanizat ion of T rop ica l 
A g r i c u l t u r e , l^ond^on^ 1957. 
35 F .A.O. , The S t a t e of Food and A g r i c u l t u r e . 
Rome, 1953, 1955, 1968. 
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S.C. Jain has a lso concluded that mechanization 
i s highly responsible for r a i s ing the a g r i c u l t u r a l 
p roduc t iv i ty . 
In s tud ies r e l a t ing to p e s t s , Mathur has revealed 
t h a t the use of high y ie ld ing v a r i e t i e s and seed t reatment 
with organomercury compound i s an important s tep towards 
the control of a number of seed borne d i s ea se s . 
According to Pradhan, there are 62 pest species 
which a re common to severa l crops and are cai;ising damage 
to ag r i cu l tu ra l production. 
Increas ing the ag r i cu l t u r a l production i s a must 
and t h e i r pro tec t ion from pests according to R.P. Singh 
i s as important as use of i r r i g a t i o n , h igh-yie ld ing 
v a r i e t i e s and f e r t i l i z e r s . He has suggested tha t the 
farmers need to be educated about judicious use of f e r t i l i z e r s 
otherwise the boon can turn in to bane. 
36 J a in , S . C , Technological Changes and t h e i r 
Diffusion in Agr icu l ture , in S.C. Jain 
T e d . ) , Changing Indian Agr icu l tu re , 
Bombay, 1966, pp.57-58. 
57 Mathur, R .S , , Plant Disease. New York, 1969. 
38 Pradhan, S . , Insect - Pests of Crop. 
New Delhi , 1969. 
39 Singh, R.P . , "Plant Pro tec t ion - A Must", 
Ya.iam. Vol.28, N0.II , 1984, p .27 . 
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According to S . S . Khanna and V.K. M i t a l , t h e r e 
a r e about 85 s p e c i e s o f i n s e c t - p e s t s , r educ ing t h e y i e l d 
40 
of r i c e i n U t t a r P radesh . 
In a r e c e n t s tudy made i n U t t a r Pradesh the key 
q u e s t i o n was r a i s e d a s to how the i n c r e a s e i n a g r i c u l t u r a l 
p r o d u c t i v i t y is dependent on v a r i a b l e s l i k e i r r i g a t i o n by 
c a n a l , tube-wel l and from o t h e r s o u r c e s , h i g h - y i e l d i n g 
v a r i e t i e s of s e e d s , f e r t i l i z e r s per 1000 h e c t a r e s and 
t r a c t o r s per 1000 h e c t a r e s . M.Shafi po in ted out t h a t f o r 
optimum u t i l i z a t i o n of land r e s o u r c e s , the programmes of 
land reform, c o n s o l i d a t i o n of fragmented h o l d i n g s , 
i r r i g a t i o n and dra inage should be i n t e g r a t e d and executed 
41 m p r o p e r sequence; 
S .Th i rumala i has po in ted out t i a t t h e primary 
f a c t i s t h a t n e i t h e r t h e Zamindari nor t h e t e n a n t , n e i t h e r 
t h e ryo t nor t h e under r y o t ho lds h imse l f r e s p o n s i b l e for 
a g r i c u l t u r a l improvements by which e f f i c i e n c y i n p r o d u c t i o n 
42 
can be i n c r e a s e d . 
40 Khanna, S . S . and M i t a l , V.K., '•Pest of Paddy 
and t h e i r Cont ro l i n U . P . " , Ind ian 
Farming. Vol .20 , No.4, 1970. 
4 1 S h a f i , M., " I n c r e a s i n g our A g r i c u l t u r a l 
P r o a u c t i o n " , The Geographer. V o l . 2 8 , 
No .1 , January""l98l , pp . 1-8. 
4 2 Th i rumala i , 3 . , Post-V/ar A g r i c u l t u r a l Problems 
and P o l i c i e s i n I n d i a . Bombay, 1954, 
p . 125. 
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The two reports of United Nations in (1951) 
pointed out that there are four objectives of land reforms 
namely, maximizations of output and productivity, 
increasing employment opportunities, fair and equal 
distribution of income and ethical order. The second report 
of the same year has suggested certain measures to improve 
the agrarian system. 
A recently published F.A.O. report emphasised 
the role of land system in the development of agriculture. 
According to Mehdi Raza, the output of food per 
head can be raised out by increasing the yield or 
productivity per acre. This can be achieve through carrying 
out necessary land reforms. He pointed out that, there, 
at any rate, seem to be strong reasons to support the view 
that there has been some causal link between the land 
reform and agricultural productivity; 
43 F.A.O., Progress in Land Reform. New York, 
1951, pp.51-80. 
44 U.N. Economic Bul le t in for Asia and Far Eas t , 
Vo l .8 , No.3, 1957, p .73 . 
45 Raza, M., "Land Reforms and Land Use in 
U.I*."* The Geographer. Special 
Number, XXI International Geographical 
Congress, India, Vol.15, November I968, 
pp.39-49. 
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According to Russell King, three motives, the 
political, the social and the economic are basic and govern 
most reforms. By fixing of 20 acre ceiling on land ownership 
would correspond to an egaliterian motive of enabling 
every farming household in India to have a minimum 
subsistence plot of 2 acres, but the creation of millions 
of 2 acre plots would adversely affect food production and 
reduce the marketable surplus; 
Baljit Singh and S.Mishra, after making a survey 
of land reforms in Uttar Pradesh suggested certain changes 
for increasing the area under cultivation including 
current fallow by more than 8 per cent. 
The most important feature of backwarnesa of 
Indian agriculture as pointed out by Jather and Beri is 
the endless subdivision and fragmentation of holdings. 
In the light of their occurence the authors have suggested 
remedial measures to control this problem. 
46 King, R,, Land Reform; A World Survey, 
London, 1977, p.3. 
47 ' Singh, B. and Mishra, S . , A Study of Land 
Reforms in Ut tar Pradesh, CalcuttaT 
48 Ja the r , G.B. and Ber i , S.G., Indian Farming. 
Madras, 1949. 
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Report of the National Commission on Agr icul ture 
(1976) pointed out t h a t one of the major causes of low 
a g r i c u l t u r a l product ivi ty in India i s the fragmentation of 
hold ings . I t suggests the consol idat ion of holdings as 
the only answer to improve the agrar ian s t r u c t u r e ; 
However, there has been some concern about the 
fragmentation of holdings and according to G.B. Ja ther 
and S.G.Beri, the areas previously uncul t ivated due to 
excessive fragmentation have now been brought under 
c u l t i v a t i o n through land consolidation^^ 
W.S. Manu has studied the scope for land 
consol ida t ion and conservation and t h e i r impact on 
a g r i c u l t u r a l p roduct iv i ty , while D.P. Saxena and S.C.Sharma 
have focussed a t t en t i on on the causes of s o i l erosion and 
var ious methods to con t ro l them. These measures have been 
51 
applied in Etawah d i s t r i c t in Uttar Pradesh, 
49 Report of the Jfational Commission on 
Agr icu l tu re . Groveriiment of India . 
Minis t ry of Agricul ture and I r r i g a t i o n , 
New Delhi, 1976, Par t 15, p.184. 
50 Ja the r , G-.B. and Ber i , S.G., Indian Economics. 
Madras, 1949. 
51 Manu, W.S., "Scope for Consolidation of 
Holdings and So i l Conservation and 
i t s Effect on Agr icu l tura l Production", 
Ind ian Journal of Agr icu l tu ra l Economics. 
Vol.14, No.3, 1959. 
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A g r i c u l t u r a l c r e d i t , accord ing to Thirumala i 
i s the p i v o t a l problem i n t h e scheme of a g r i c u l t u r a l 
development i n I n d i a , Cred i t i s the motive power fo r 
s e t t i n g on i t s wheels the p roduc t ive machinery i n 
a g r i c u l t u r e conceived and planned on a s c i e n t i f i c b a s i s . 
R.V. Dadibhavi has conducted a m i c r o - l e v e l s tudy 
o f the problems of a g r i c u l t u r a l development of backward 
r e g i o n s and c a l l s f o r urgency i n r e c h a n n e l i s i n g the 
i n s t i t u t i o n a l f inance flows to m i c r o - g e n e r a t i n g a c t i v i t i e s 
i n t h e low p e r c a p i t a income r e g i o n s . 
The s t r a t e g y of a g r i c u l t u r a l development i n t h e 
o p i n i o n of Goiid c a l l s for ex t end ing p roper f i n a n c i a l 
a s s i s t a n c e to the farmers so a s t o remove them from c l u t c h e s 
of money l e n d e r s and for r a p i d a g r i c u l t u r a l development . 
He i s of t h e view t h a t t h e r e should be a s e p e r a t e agency 
t o f inance t h e farmers a t v i l l a g e l e v e l . According to 
him, i n t h i s connec t ion pr imary a g r i c u l t u r a l c o o p e r a t i v e 
c r e d i t s o c i e t i e s play immense r o l e i n t r a n s f o r m i n g the 
54 t r a d i t i o n a l a g r i c u l t u r e i n t o a modern one . 
5 2 Th i rumala l , 3 . , Post-War A g r i c u l t u r a l Problems 
and P o l i c i e s i n I n d i a . Bombay, 1954, p . 1 8 1 . 
53 Dadibhavi , R.V. , "Why these i n t e r s t a t e 
D i s p a r i t i e s " , Ycjana, V o l . 3 1 , No.11, 
1987, p . 4 . 
54 Goud, R . 3 . , "Cooperat ive Finance and Veaker 
S e c t i o n s " , Yojana, V o l . 3 1 , No.4, 1987, 
p . 14. 
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In I n d i a , t h e f i r s t comprehensive a n a l y s i s of 
t h e whole problem of a g r i c u l t u r a l c r e d i t was made by the 
committee of D i r e c t i o n of the A l l Ind ia Rural C r e d i t 
Su rvey appo in ted by t h e Reserve Bank of I n d i a i n August , 
1951. I t s r e p o r t s u g g e s t i n g t h r e e impor tan t i n g r e d i e n t s , 
a ) t h e governments concern must assume major r e s p o n s i b i l i t y 
for p r o v i s i o n of funds, b) the r e a l i s a t i o n of t h e i n t i m a t e 
r e l a t i o n s h i p between a g r i c u l t u r a l c r e d i t and marke t ing of 
a g r i c u l t u r a l produce, and c) the a g r i c u l t u r a l c r e d i t 
based on the p roduc t ive c a p a c i t y o f t h e borrower i s 
f e a s i b l e and ought to r e p l a c e c r e d i t based on t h e s e c u r i t y 
of immovable p r o p e r t y . 
According t o A.N. Sharma a l l a g r i c u l t u r a l 
p r o d u c t i v e a c t i v i t i e s r e q u i r e for t h e i r sus t enance some 
degree of c r e d i t . A farmer who can r a i s e on ly one crop a 
y e a r , has to m a i n t a i n h imse l f and h i s fami ly th roughout 
t h e y e a r , t h e r e f o r e , needing l o a n . The a g r i c u l t u r a l c r e d i t 
55 
i s l a r g e l y r e s p o n s i b l e for t h e a g r i c u l t u r a l development . 
A s tudy pub l i shed by Union M i n i s t r y of Coopera t ives 
and Panchaya t i Raj shows the importance of c o o p e r a t i v e s 
55 Ghawdhari, T . P . S . , Crop Loan System. 
Hyderabad, 1970, p p . 1 - 8 . 
5 6 Shairma, A.U. , Economic S t r u c t u r e of Ind ian 
A g r i c u l t u r e , Bombay, 1984, p . 2 4 7 . 
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in the development of agriculture providing loans and 
other important inputs. Cooperatives ensure the full 
share of all the farming community through balanced growth 
57 
of production. 
It has been suggested by Nath that the development 
of cooperatives and expansion of infra-structure will 
help in the development of Indian agriculture. 
The Congress Agrarian Reform Committee pointed 
out that unless and until land is owned by tiller his 
incentive to production does not reach the optimum point 
due to the insecure about the benefits from the land that 
he cultivates. Even if he is allowed to enjoy the 
security of tenure, will only enhance the rate of rent 
which he has to pay, if the improvement in land is made 
by him,^ 
The drawbacks of the prevailing land system are 
highlighted by Singh and Mishra who say that often inhibit 
57 Kumaraswamy, S., "Expanding Role of Cooperative 
in Agriculture", Agricultural Situation 
in India. Vol.24, No.5, 1969. 
58 Nath, v., "Agricultural Growth in 1970's", 
Economic and Political Weekly, Vol.5, 
No.52, pp.134-44. 
5 9 Report of the Congress Agrarian Reforms 
Committee, p.38. 
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a l l i n i t i a t i v e s t i f l e s a l l e f f o r t s and prevent any 
enlargement of inputs due to in secur i ty , rack- ren t ing , 
the p rac t i ce of sub le t t ing and feudal or f euda l i s t i c 
s t r u c t u r e of land r i g h t s . 
Agr icu l tu ra l development throughout the world i s 
s t rongly motivated by the incentive of the farmers, which 
may take the form of pride of ownership, secur i ty of 
occupancy and expectat ion of a just d iv i s ion of farm 
income between landlords and tenan ts . These fac tors 
everywhere have the impact i n improving the condi t ion 
of land^^ 
60 Singh, B. and Mishra, A Study of Land 
Reforms in U.P. , p.10. 
61 U.Df. Economic Bul le t in for Asia and Par Bast , 
Vol .11, Fo.1 , June I960, p . 8 . 
CHAPTER I I I 
TECHNOLOGICAL Al© INSTITUTIOML 
FACTORS 
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Agr icu l tu ra l product iv i ty depends on two s e t s 
of factors - technological and i n s t i t u t i o n a l . The 
technological factors include modern a g r i c u l t u r a l implements 
and machineiy, use of f e r t i l i z e r s , use of high h ie ld ing 
v a r i e t i e s of seeds, i r r i g a t i o n , mechanization and use of 
pe s t i c ide s and control of d i s e a s e s . Those who advocate 
technological fac tors are of the view t h a t even, if , no 
i n s t i t u t i o n a l reforms are introduced, technological 
improvements w i l l bring about a g r i c u l t u r a l development. 
On the other hand, another school of thought s t rongly 
be l ieves that a g r i c u l t u r a l development i s se r ious ly 
hampered on account of c e r t a i n i n s t i t u t i o n a l b a r r i e r s . 
They argue tha t in t roduct ion of i n s t i t u t i o n a l reforms can 
r e l ea se ag r i cu l t u r e from the bondages which keep i t 
1 backward and depressed. The i n s t i t u t i o n a l fac tors are 
0 ^ 
land consol ida t ion , effects / 'consol idat ion of holdings on 
c u l t i v a t i o n , c r ed i t supply, cooperative soc ie ty , land 
tenure and land revenue and land hold ings . The exis tence 
of feudal or semi-feudal land r e l a t i o n s as the biggest 
obstacle to a g r i c u l t u r a l development. The bulk of the 
income of the poor c u l t i v a t o r s i s appropriated by the 
1 Dutt, Kuddar, Evolution of the Indian 
Economy, New Delhi, 1986, p.234. 
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l and owners i n t h e form of r e n t , s h a r e cropping e t c . and 
t h e p e a s a n t s a r e l e f t with v e r y l i t t l e sav ings to b r i n g 
improvements i n l and . Moreover, i n s e c i i r i t y of tenancy 
r i g h t s a c t s a s a f u r t h e r d i s i n c e n t i v e fo r unde r t ak ing 
i n v e s t m e n t s in l a n d . In t imes o f n a t u r a l c a l a m i t i e s l i k e 
f loods or d r o u g h t s , the poor p e a s a n t s a r e forced t o borrow 
from the l a n d l o r d s or money- lenders . Being d e b t o r s , they 
a r e fo rced to s e l l t h e i r c rops to t h e a g r i c u l t u r i s t 
money- lenders a t p r i c e s much below the market p r i c e s . Thus, 
t h e i n s t i t u t i o n a l framework o f ownership , t enancy , 
a g r i c u l t u r a l c r e d i t - a l l work i n a such f a s h i o n t h a t they 
deny the c u l t i v a t o r the f r u i t s of h i s e f f o r t . The 
e x p l o i t i n g c l a s s e s r e p r e s e n t e d by t h e l a n d l o r d s , the 
a g r i c u l t u r i s t , money-lenders ard merchants e x p l o i t the 
a c t u a l t i l l e r of t he s o i l . I t i s , t h e r e f o r e , b e l i e v e d t h a t 
i n o r d e r to r eap t h e f u l l b e n e f i t s of t e c h n o l o g i c a l change, 
i n s t i t u t i o n a l reforms a r e extremely n e c e s s a r y . 
TECHNOLOGICAL FACTORS 
Technological change i s one of t h e impor tan t fo rces 
which a l t e r t h e s t r u c t u r e o f a g r i c u l t u r a l p roduc t ion 
p r o c e s s . The term t e c h n o l o g i c a l change i s used h e r e i n a 
broad sense to inc lude a l l k inds of i n v e n t i o n s and 
i n n o v a t i o n s aimed a t i n c r e a s i n g the e f f i c i e n c y of 
2 
a g r i c u l t u r a l p r o d u c t i o n . Technologica l change i s t h e key 
Oammen, M.A,, "Technologica l Change 8uad i t s 
Di f fus ion i n A g r i c u l t u r e " , A g r i c u l t u r a l 
S i t u a t i n n i n Tn/q-to ir^T ^^ »T- _ ,,—TT 
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to rapid r a t e of growth in Indian a g r i c u l t u r e tha t l i e s 
i n continuous economic adjustment of farm organizat ions 
to absorb technological improvements on a p ro f i t ab le bas i s . 
The proper combination of various improved technological 
f ac to r s i . e . , ensured a g r i c u l t u r a l innovat ions , use of 
chemical f e r t i l i z e r s , high y ie ld ing v a r i e t i e s of seeds , 
modern a g r i c u l t u r a l machinery and implemraits, p e s t i c i d e s , 
i r r i g a t i o n and vai lous other improved farming techniques, 
should or ig ina te in a new d i r e c t i o n of f e r t i l i z a t i o n of 
a g r i c u l t u r a l commodities and yie ld much higher r e t u r n s . 
The technological f ac to r s throughout the h is tory 
of mankind i n general and during the recent years i n 
p a r t i c u l a r have played s ign i f i can t ro le not only in over 
coming various environmental cons t r a in t s on a g r i c u l t u r e 
but also i n bringing further changes and development i n 
ex i s t i ng ones. A number of methods have been developed to 
increase product iv i ty by using f e r t i l i z e r s and b e t t e r 
technique of working of s o i l . Control of l i f e process of 
p l an t s and aninals has been achieved through improved 
breedings , development of hybrid seeds, researches in to 
such basic processess as photo synthes is and f i na l ly 
con t ro l of pests and weeds through the development and 
manufacture of pe s t i c ide s , fungicides and he rb ic ides . 
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In brief the technological change in agriculture 
consists of adoption of farming techniques developed 
through research and to bring out diversif icat ion and 
increase in production and greater economic return to farmers. 
High agr icul tural production greatly depends on the use of 
f e r t i l i z e r s and new agricultural implements. The speedy 
and extensive development of agricul ture, by and large 
depends on technological change and spat ia l diffusion of 
agr icul tura l innovations. 
1. Use of Fertilizers 
The provision of sufficient fertilizers at 
reasonable costs and at requisite time is the most fundamental 
requirement for the development of agriculture under the 
•5 
conditions prevailing in India. In fact the level of 
fertilizer use per hectare of cultivated land is closely 
linked to the level of crop production per hectare. The 
scope for increasing production by bringing more land under 
the plough, particularly in developing countries like 
India, is extremely limited and the only hope for the future 
lies in increasing the production per unit area. 
Champa, M., "Agricultural Development and 
the Role of Fertilizers", Ind:lan 
Jourml of Regional Science, ?ol,8, 
Nos.i" and 2, 1976, p.151. 
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For tuna te ly , t he experience with high y ie ld ing v a r i e t i e s 
of food, crops has given us confidence tha t tlie scope for 
increas ing production by breeding and u t i l i s i n g f e r t i l i z e r 
responsive v a r i e t i e s i s very l a rge . 
Different farming programme has been taken up in 
recent years namely urban compost programme, seavage 
u t i l i z a t i o n programme, r u r a l compost programme, green 
manuring programme and gobar gas p l an t . The production of 
u rban- rura l compost by the end of the 4th plan was 4.8 
and 170 mi l l ion tonnes r e spec t ive ly . The area under seavage 
i r r i g a t i o n * •* , , , t « ..«»by the end of 4'th plan was 204 
mi l l ion hec ta re . The coverage under green manuring has 
a l s o increased from 8.5 mi l l ion hec ta re in 1967--70 to 
11.96 mi l l ion hectare in 1973-74. The consumption of 
f e r t i l i z e r per hectare in the cu l t i va t ed land i n India 
during 1973-74 was about 9.9 kg of n i t rogen , 3.4 kg of 
phosphorous and 1,7 kg of potash. These lands a re far 
below compare to some of the developed and developing 
A 
coun t r i e s . 
However, the consumption of f e r t i l i z e r i n the 
country has been increasing s tead ly with increased in 
Government of India Publ ica t ions , 
Fourth Five Year Plan. Planning 
Commission, New Delhi, 1974. 
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domestic production. In the year 1962-63 the consumption 
of f e r t i l i z e r was 452,000 tonnes while in 1983-84, i t 
was 7,720,000 tonnes. 
There are three agencies through which f e r t i l i z e r s 
a re d i s t r i bu t ed in India are as follows: 
1. The Government f e r t i l i z e r depots 
2. The Cooperative 
3 . P r iva te dea le r s . 
Fertilizers are often regarded as substitutes 
for animal manures, but that is not a correct interpretation 
of their purpose. Animal manures improve soil conditions 
and supply nutrients, but they are essentially the 
bi-products of any particular farm. Animal and green 
manures contribute directly to the soil organic matter, and 
fertilizers do so indirectly by increasing the quantity 
of crop residues available for incorporation into the 
5 
ploughed lands. Nitrogen, phosphorous and potassium are 
required by the plant in large amounts and are known as 
primary nutrients; while calcium, magnesium and sulphur 
are secondary nutrients. The requirement of these nutrients 
Ignatieff, V., Efficient Use of Fertilizers, 
F.A.O,, Agricultural Studies, Itlay, 
No.43, 1958, p.2. 
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is generally supplied by the use of comnioii nitrogen, 
phosphorous and potassixim fertilizers. 
The quantity of fertilizer to apply to each crop 
depends upon the level of the nutrients in the soil and the 
crop requirements. Lack of nitrogen results in poor 
growth of the plant, and a uniform yellowing of the 
leaves. Indian soils are deficient mainly in nitrogen. 
Hecent discoveries also emphasise the importance of 
retaining what are known as trace elements. The sources 
from which the required nitrogen can he had are farmyard 
manure like cowdung. Composting of night soil and vegetable 
refuse etc., oil cake, green manure like saun and dhencha, 
bonemeal and chemical fertilizers. The most beneficial 
method whereby this essential element of nitrogen can be 
applied is through the roots of leguminous plants carrying 
6 
out a natural form of nitrogen fixation. Lack of phosphate 
is often associated with a purple leaf colour, particularly 
at the edges, but in certain crops such as cotton and 
tobacco the leaves become dark green. In sufficient potash 
causes a scorching of the leaf edges of mariy plants 
Durry, Koakab, "Improving Agricultural 
Efficiency Through Fertilizers", 
The Geographer. Vol.23, Uo.2, 
July 198^7 
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including tobacco, cotton, maize, ground nuts and manj 
fruit trees. The effect of potash on sugarcane varies with 
the soil and rainfall. The sugar content of the cane is 
frequently increased by the use of potash. 
So an important step towards efficiency in 
agriculture is to ensure the correct use of fertilizers 
and this can only be not by just going alongwith general 
recommendations but by ascertaining the actual nutrient 
deficiencies of the soil that have to be taken care of by 
applying the appropriate quantities of nitrogen phosphorous 
and potash. In fact, fertilizer and manure constitute 
7 
a crucial input in agricultural production: 
2. High Yielding Varieties of Seeds 
Almost every cultivator knows the potentiality 
of high yielding varieties of seeds for raising the level 
of return from the crop. The country has attained self-
sufficiency in seeds of high yielding varieties and is in 
position even to export these seeds to other countries. 
The KYVs of crops offer an unprecedented opportunity for a 
break through in agricultural productivity. If used with 
Thirumalai, S., Technology in Agricultural 
Development, Post War Agricultural 
Problems and Policies in India, 
Bombay, 1954, p.169. 
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s u i t a b l e combinations with other inputs in p a r t i c u l a r , 
f e r t i l i z e r s , water and crop pro tec t ion chemicals - they 
are capable under favourable condit ions of r a i s i ng y i e l d s 
severa l folds compared with those of local v a r i e t i e s . 
The new v a r i e t i e s may be superior to the old ones in three 
d i f f e r en t ways; y ie ld capaci ty , c u l t u r a l r e l i a b i l i t y , 
8 and qual i ty of product. 
The phenomena of any improved va r i e ty must be 
considered in r e l a t i o n to a given ecological and a g r i c u l t u r a l 
environment. The yielding po ten t i a l of the new cerea l 
v a r i e t i e s can be achieved only i f they are used in connection 
with adequate inputs of f e r t i l i z e r s and water, careful 
a t t e n t i o n of crop production, and general ly high standards 
of farming. 
In 1960-61, a p i l o t project i n seven Intensive 
Area Development Programme (lADP) d i s t r i c t s was t r i e d . 
These areas were such which had an assured supply of 
i r r i g a t i o n and were f ree from aiatural hazards. The project 
decided to introduce high y ie ld ing v a r i e t i e s with 
recommended doses of chemical f e r t i l i z e r s . The lADP 
8 Smaller Farmlands can Yield More: Raising 
A g r i c u l t u r a l Product iv i ty by 
Technological Change, F.A.O., United 
Nations, Rome 1969i P« H» 
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d i s t r i c t s showed 25.33 per cent higher yield per acre 
than the non - lADP d i s t r i c t s . In some cases, the 
difference of y ie ld was of the order of 50 per cen t . 
For most t r a d i t i o n a l v a r i e t i e s of wheat and r i c e , 
f e r t i l i z e r responses f a l l off a t about 40 to 50 kgjof 
n i t rogen per hec ta re . For high y ie ld ing v a r i e t i e s the 
response increases upto 100 kgsor more. In India , 
recommended f e r t i l i z e r doses for the Mexican wheat are 
80 to 120 kg N, 40 to 6o kg P^O^ and about 40 kg K2O 
Q 
per hec ta re . In 1966-67, two purely Mexican v a r i e t i e s 
of wheat seeds named Larna and Sonara-64 were adopted for 
c u l t i v a t i o n in i r r i g a t e d a r ea s . About 1800 mi l l ion tonnes 
of high y ie ld ing v a r i e t i e s of wheat seeds were imported 
from Mexico which f a c i l i a t e d the cu l t i va t i on over l a rge 
a rea in India and a t that time there was great doubt about 
the wisdom, importing such large quan t i t i e s of seeds . 
Later on, some of these Mexican v a r i e t i e s were improved 
upon by Indian s c i e n t i s t s and new Indian v a r i e t i e s l i k e 
Kalyan Sona, Sonalika, SOfed Larna, Chhoti Larna have been 
evolved. Water a v a i l a b i l i t y and management a re p a r t i c u l a r l y 
important . Mexican v a r i e t i e s of wheat should receive a t 
i b i d . , p. 17. 
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least two or more irrigations than the local ones. In 
some areas of rice fields the problem is an excess rather 
than a deficienqy of water. For example, because of deep 
flooding the new short-strawed varieties cannot be 
introduced without improved water control. Pests and 
diseases are another problem. 
So the application of the package of inputs of 
high yielding varieties and recommended doses of fertilizers 
have resulted in increase in yield per hectare. However, 
in such crops where distinctly superior high yielding 
varieties were available, the rise in yields has been 
spectacular. This is evidence by the experience of wheat 
revolution in Punjab, Haryana, Delhi, Rajasthan and Western 
Uttar Pradesh. The new Mexican varieties like Lerma Rojo, 
Sonara-64, Kalyan and P.V.-18 became so popular that the 
government was unable to meet the demands of farmers for 
better seeds and it also could not supply adequate quantities 
of fertilizers against the rapidly rising demand., However, 
some break through has been achieved in rice areas. Better 
high yielding varieties are being developed in rice and 
other areas. 
10 Dutt, Kuddar, op. cit., p.242. 
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The art of plant breeding, reinforced by the 
science of genetics, has revealed possibilities of 
increasing yield of crop, through new varieties, sometimes 
based on hybrid vigour. It is essential that normally 
five to ten years is the time required for placing the 
entire area of a crop ui^er improved varieties in most of 
the areas through organised multiplication and distribution 
of seeds. 
5. Irrigation 
Alongwith good seeds and fertilizers, there is 
also the need for timely supply of water in adequate 
quantities. In India, farmers are most dependent on 
rainfall for the supply of water to their fields. But 
monsoons are highly uncertain and irregular. The 
capriciousness of rainfall in India manifests itself in a 
variety of ways. In any particular year, the rains may 
not arrive at all, or it may come in torrents. Again,-the 
monsoons may start too early or too late, or yet again the 
rains may not be sufficiently prolonged and well distributed. 
All this upsets agricultural work, resulting in partial or 
complete failure of crops. And the tragedy is that the 
uncertainties or abnormalities of rainfall in India are 
11 Thirumalai, S,, op. cit,, p.171. 
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the general rule, rather than the exception. As such the 
harn. caused jy them is a normal feature of Indian economic 
life. There is hardly any year of monsoon, do not prevail 
in some part of the country or the other. Therefore, 
irrigation can afford security against the vagaries of 
12 monsoon. 
The most effective way of increasing agricultural 
production in India is to control the sources of water 
supply, and increase to the maximum possible limit 
irrigational facilities to provide assured, adequate and 
regular water to the fields throughout the crop-calender 
year, according to the needs of the crop pattern that 
may be determined as necessary to fulfil the objective 
1 "5 
of increase in production. 
The effect of irrigation on productivity is such 
that 10 per cent of cultivated land that is irrigated may 
be roughly estimated to contribute about 20 per cent of 
total agricultural production. 
Because of unfavourable rainfall, farmers could 
cultivate only one crop without irrigation in the limited 
12 Agrawal, A.N., Indian Agriculture and 
its Problems. Delhi, 1953, p.14. 
13 Thirumalai, 3., Post-War Agricultural 
Problems and Policies in India. 
Bombay, 1953, P.60. 
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period. Therefore, irrigation development and improved 
water management are crucial to India's agricultural 
development. The supply of land toeing inelastic, 
accelerated growth in production is possible only through 
increased multiple cropping and realization of higher crop 
yields per unit area, both of which are heavily dependent 
on irrigation. 
It has recently been suggested that India can be 
divided into three broad groups of areas according to the 
character of the water supply and the stability of 
production, and that different policies are required for 
each of these areas. The first of areas where there is an 
assured water supply both in volume and in spread either 
from assured rainfall or from sources of irrigation, e.g. 
tube-wells, deep bore wells, canals from snowfed rivers or 
storage dams, which are not unduly dependent on the 
IS 
vagaries of the monsoon. In these areas the irrigation 
policy should be intensive and productivity oriented, 
aiming to maximize yields per hectare. In the second 
group areaaa, where the water supply is largely dependent 
14 Roy, Shyamal, "Irrigation Development under 
India's New Plan (1978-85) - An 
Appraisal", Agricultural Situation in 
• India, Vol,26, No,5, August 1979, p.303. 
15 Sen, S.R., "Growth and Instability in Indian 
Agriculture", Agricultural Situation in 
India. Vol.21, 1967, p.851. 
4? 
on the monsoon, the policy should be mainly p ro t ec t i ve . 
In the th i rd group of a reas , where, there i s no dependable 
i r r i g a t i o n , policy should be on contour bunding and 
contour cropping, so as to maximize r e tu rns per uni t of 
water . 
During the f i r s t decade of planning (1950-51 
and 196O-61), the main emphasis was on extension of 
i r r i g a t i o n so tha t more land could be brought under 
c u l t i v a t i o n and b e t t e r crops could be subs t i tu ted for 
i n f e r i o r crops. I t i s a well e s tab l i shed fact tha t the 
a g r i c u l t u r a l development l i e s in the extension of i r r i g a t i o n , 
Once th i s basic input , i . e . water was made a v a i l a b l e , 
production would increase because other inputs such as 
b e t t e r seeds and f e r t i l i z e r could be more e f fec t ive ly 
app l ied . The main sources of i r r i g a t i o n in India are 
(a) canals (b) loca l s treams, ponds and tanks and (c) we l l s . 
Extension in the i r r i g a t i o n f a c i l i t i e s and 
bringing more area under i r r i g a t i o n has i t s own importance 
in increas ing a g r i c u l t u r a l p roduct iv i ty , , but farmers can get 
much by increasing y ie lds on land already i r r i g a t e d . 
Increasing y ie lds on land already i r r i g a t e d , con t r ibu tes to 
maximising the re turns from costs tha t have already been 
incur red . 
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For getting the maximum benefit from irrigation, 
a planned system of irrigation has to take into account: 
a) the supply of necessary water to the crops in season, 
b) the damage and disposal of excess water, c) prevention 
of flood damages, d) conservation or stocking of water 
for release in dry season, e) conservation of soil in 
higher elevations and f) the prevention of erosion by 
sea in coastal tracts. 
Bringing new land under irrigation is usually 
both time consuming and costly. Although the reason for 
low utilization-of water resources available in India, 
mainly is the technical difficulties. The Command Area 
Development Programme (CADP) was introduced during Fifth 
Plan period. The programme envisages development of 
irrigation by the construction of field channels and access 
roads, land levelling and land shaping, introduction of the 
Rotational water supply system and popularisation of 
integrated crop-soil water management practices. The 
programme stresses the equitable distribution of water to 
small and marginal farmers. 
A number of analytical studies have proved that 
India can increase its agricultural production to a large 
extent, if adequate and assured irrigation facilities are 
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available! When irrigation facility is measured in terms 
of net irrigated area, the output per year averaged 
towards the late seventies by five to six 1;oLnnes of 
foodgrain equivalents in the case of groundwater in contrast 
to two to three tannes in the case of canal irrigation 
17 
and 1.5 to 1.8 tonnes in the case of tank irrigation. 
Much of the productivity disparity among the 
productivity performance of the three sources is found to 
be due to intersource differences in crop pattern. As one 
moves from tanks to canals, and onto dugwells and tubewells, 
the irrigated crop pattern shifts more and more in favour 
of rice crop that otherwise attracts a large chunk of 
irrigated acreage once farmers get access to irrigation 
facility. Productivity of groundwater irrigated land has 
risen much faster than that as surface irrigated lands 
mainly due to that high yielding varieties technology has 
been baised in favour of farmers having access to private 
means of irrigation. 
Irrigation is indeed the surest way in which 
agricultural production can be increased. Irrigation would 
not only include the major schemes specifically planned for 
bringing within the possibility agricultural production in 
arid regions but also schemes to ensure the supply of 
16 Mohammad, N., "Technological Change and Spatial 
Diffusion of Agricultural Innovations", Perspectives 
in Agricultural Geography. New Delhi, Vol.5, 
1981, pp.517-18. 
17 Dhawan, B.D.,"Irrigation Impact on Farm Economy", 
E c o n o m i c and P o l i t i n n l WeoU-lv \Tn^ on Wo xn 
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additional water in all regions which are dependent on 
rainfall. On the basis of studies made in India, one acre 
of good irrigated farmland at the current level of 
1 ft 
technology is able to support one person. 
4. Mechanization in Agriculture 
By the term mechanization, we mean the introduction 
of tools, implements machines which substitute human 
labour and animal labour. For instance, the uae of a tractor 
in place of the plough is one example which acts as a 
substitute for both bullock power and human labour. There 
is power which is used to draw underground water for purposes 
of cultivation and similarly, there are sowing and thre-
shing machines. There are harvester which enables the 
speedy reaping the crop, so, the whole range of machines 
and appliances which can be used from ploughing to 
harvesting are covered by the term mechanization!^ 
Mechanisation is a most conspicuous weapon that 
can revolutionise Indian agriculture. The electric power 
and diesal play significant role in the development of 
18 Shafi, M., "Increasing our Agricultural 
Production", The Geographer. Vol.28, 
No.1, January 1981, p.1. 
19 Dutt, R., op. cit., p.245. 
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agriculture especially in the mechanization and rationalization 
of farm operation. The modernization of agriculture, 
through the process of mechanization, has played a very 
significant part in bringing prosperity to cultivators 
by ensuring them better crops at reduced costs. Its part 
has been equally great in the reclamation of the new land, 
covering wastes and barren lands into flourishing 
agricultural colonies. 
Mechanization of agriculture was introduced in 
countries like USA, USSR, Canada, Australia, etc., which 
had a very favourable land-man ratio. It helped these 
countries to reap the economies of scale, operate large 
sized farms and thus bringing into cultivation vast areas 
which could otherwise have not been brought under the 
plough. The average size of an operational holdings in 
USSR is 600 hectares, in Australia 1995 hectares and USA 
150 hectares. 
Indian agriculture in the past has been inefficient 
not because of the farmer but because of the nature and 
society. The system of agriculture followed by farmers is 
the result of farming techniques or practices achieved 
through ages and in many places the system attained a very 
high standard e.g., the cultivation of rice in deltas. 
The Royal Commission on Agriculture of India (1928) has 
20 pointed out two opinions. 
20 Spate, O.H.K., India and Pakistan. Canberra, 
1965, p.266. 
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1 . The ploughs are light which bullocks can draw and 
farmer can carry it on his shoulder to and from 
his often scattered fields. 
2. Deep ploughing is essential for some crops but it 
may not pay the cultivator in all kharif conditions. 
On the contrary, it may lead to loss of moisture in 
the areas of light rainfall and in the areas of 
heavy rainfall, in either case jeopardizing germination, 
However, there is a great scope for improvement in 
tools used by farmers, e.g. seed drills, cheap threshing 
and winnowing appliances, better water lifts etc. Great 
economy could be effected by improving the bullock carts 
by replacing the solid wooden wheels by rubber tyres. 
The weight of the cart is ridiculously large compare with 
its capacity. 
The use of tractors is increasing in India but 
tractors have been successful on the government creating 
schemes. Tractors do save labour but in India it is not 
so much saving man hours as improved labour efficiency is 
needed. However, tractors are definitely an economic 
proposition for all the farmers who have enough work for 
six or more pairs of bullocks. A tractor, unlike a bullock, 
does not derive its motive power from the produce of the 
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soil. As such its use will lighten on land and release 
a certain area for the growing of food crops. Tractor 
makes it possible for a farmer to do his field and farm-
yard operations. But the efficiency of a tractor decreases 
where, there is small size of holdings like India where 
the average size of holding it 2.78 hectares in 1980-81?^ 
In the beginning of course, tractors were essentially 
built for very large holdings. But now the position has 
considerably changed. The manufactures of agricultural 
machinery have persistently, and with success, explored 
the possibility of making small tractors and other machines 
suitable for work on small holdings. Now small all 
purpose tractors of very low horse-power are -available. 
They have been especially designed to meet the economic 
and technical needs of the lower acreages. 
The agricultural operations can be performed 
of 
much more quickly by the use/machinery than by human or 
animal labour. The importance of speed as a factor in 
agricultural efficiency is not to be minimized. Whereas, 
for instance, an unfavourable change in the weather 
frequently follows harvesting time, speedy harvesting, 
threshing and storing of the crop may save it from much 
21 Agarwal, A.N., op. cit., p.124. 
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damage. The margin of the time during which the various 
operations for the preparation of the soil and for sowing 
must be performed may also be narrow, for each agricultural 
operation must be adjusted to changing weather and moisture 
in the soil, and delay may spoil the growth of crops. For 
India, where weather conditions ai« so uncertain, machines 
has a special significance. Mechanization of agriculture 
22 
will help in stepping up the economy to a higher level. 
Nobody can ignore the importance of mechanical 
irrigation in the determination of agricultural efficiency. 
Mechanical irrigation will not only provide adequate water to 
our fields at the proper time, but will also help, besides 
generating power, in the solution of different problems 
connected with control of flood water, soil erosion, 
afforestation, etc. Modern agricultural machines are very 
powerful tools which can bring great benefit by appropriate 
and timely use. Mechanization has increased the acre 
yield of crops, in some cases by permitting more timely 
preparation of the ground, seeding, cultivation and 
23 harvesting.-^ 
22. ibid., p.126. 
23 Salmon, S.C. and Hanson, A.A., The Principles 
and Practices of Agricultural Research, 
London, 19^^ pp.41-42. 
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5. Use of Pesticides and Control of 
Diseases 
Crop pests, insects and diseases play havoc with 
crops and are a constant source of worry to farmers every 
where. In India, their depredations destroy as much as 
one-tenth of the total production. Crops and the cropping 
patterns and the variable climatic conditions provide an 
ideal environment for the multiplication and thriving of 
insects, disease organisms and weeds. Therefore, there is 
a continuous activity of pests, diseases and weeds throughout 
the year posing a perennial threat to agriculture. The 
analysis of various pesticides is done by several 
institutions including the Central Pood Technological 
Research Institute, Mysore, and the Indian Agricultural 
Research Institute, New Delhi. About 250 pesticides are 
used in agriculture, of which hundred are insecticides, 
fifty herbicides, 50 fun,c;icides, 20 nemacides and 20 
other chemicals. Dichlorodiphenyltrichloroethane has 
improved the economic, social and health status of 
25 developing countries. 
In India, there are about 400 insect;and other 
animal pests, 250 diseases,, 25 weeds and about 5 parasitic 
24 Reddy, D.B., Plant Protection in India. 
1968, p.2. 
25 Science Reporter, C.S.I.R. Publ ica t ion , 
xVew Delhi, May 1980, pp. 316-320. 
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flowering plants which cause economic loss. The important 
insects and diseases on rice are the stem borer, the rice 
gall hispa, blast, and the bacterial leaf blight, wheat, 
* 
oat and barley do not have serious insect pests except 
termites. Jowar, maize, bajra and lesser millets suffer 
from stem borers, jowar stem fly and grain smuts. The 
average crop and storage losses in India annually has been 
estimated to be 10 to 30 per cent of the total annual 
production. It is not only direct loss in agricultural 
production which in itself is colossal, insect and disease 
attacks and weed competition, make the other agricultural 
inputs like seeds and fertilizers unproductive and 
ineffective. In a country where agricultural production is 
mainly dependent upon the manual labour of the farm worker 
and his bullocks, still the main source of the power on 
the farm, the health of the farmer and of his cattle play 
an important role in increasing the agricultural productionf 
The use of pesticides in India started only after 
independence. The consumption of pesticides Increased from 
3750 tonnes per annum in 1952 to 25,000 tonnes in 1957 
and 45,000 tonnes in 1962. 
26 Heddy, D.B., op. cit., p.3. 
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Now a days, agricultural scientists are trying 
their best to raise more food to feed the hungry millions 
that are being added to our population each year. The 
task of increasing food production has many problems, one 
of the most ijnportant of which is control of pests, various 
27 insects and weeds. 
Insects and pests are the most important group of 
organisms which damage and cause loss to agriculture. 
These insects and pests also causes many diseases to the 
plants. The animal pests largely belong to insects but 
crabs, snails, earthworms, monkeys, hores and rabits can 
also be pest. There are other large animals such as 
jackal, deers, tortoise, blue bulls or 'neel gai' and 
28 
sambar also destroy the crops; 
Fungi are the second most important group of 
organisms affecting crop production. They are microscopic 
in size except a few species which can be seen with a naked 
eye. Pungi obtain their nourishment from their hosts, 
either living or dead. Parasitic fungi are the ones which 
27 fiao, V.P., "Biological Control of Insect, 
Pests and Weeds", Everyman's Science. 
Vol.6, .^0.2, 1971, p.90. 
23 Kumar, L.S.S. and others, Agriculture in 
India. Bombay, 1963, Vol.2, p.192. 
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causes diseases in plants. Fungi respond sharply to 
climatic conditions and often the environment determines 
the severity and the extent of the spread of fungus 
diseases. The fungi are dissiminated through wind, water, 
soil, plant materials, insects and man and animals. 
A large number of weeds both monocots and dicots 
infest agricultural lands and depress yields considerably. 
Some like 'kans' and water hyacinth have occupied thousands 
of hectares of cultivable land. The parasitic flowering 
plants limit the production of certain crops. A weed is 
a plant which grows in places where it is not wanted. The 
weeds compete with crop plants and fruit trees for nutrition, 
moisture, light, space etc. and affect the growth and 
reduce or suppress yields considerably. There are a large 
number of weeds which grow in the fields, orchards and 
gardens and effectively reduce the yields. 
Among the control measures used for containing 
insects, diseases and pests and weeds for preventing or 
limiting their damage and reduction in yields, mechanical 
and physical, cultural, biological and legal methods of 
control have played a very significant role. Cultural 
practices such as crop rotation, mixed cropping adjustment 
29 Heddy, D.B., op» cit., p.11. 
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in date of sowing, depth of sowing and field sanitation 
through removal of diseased debris and weeds play a great 
part in the control of plant diseases. As virus diseases 
cannot be prevented apcured by chemicals, use of disease 
free seed goes a long way in reducing rejection. For this 
it is necessary to establish disease free nurseries at 
isolated places where rigorous roging eliminates all 
diseased material; 
The use of chemicals for controlling the diseases 
and pests are widespread in the world today. The chemical 
method of control is the only one which achieves immediate 
results and is most feasible under the farming conditions. 
The chemicals used in plant protection are generally termed 
pesticides, although they are subdivided according.to their 
use against the various categories of organisms, both of 
animal and plant origin. Chemicals used againsjt insects 
are insecticides, against weeds as herbicides and those 
used against mites as acaricides. Pesticides, however, 
are not poisons in general sense. Some of them are practically 
not poisonous, like pyrethrum and copper fungicides and 
some of them are deadly poisonous, like organic, merculrials, 
endrin, parathion, HCN, methyl bromide, zinc phosphide 
30 Handbook of Agriculture, Indian Council 
of Agricultural Research, New Delhi, 
1961, p.566. 
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and a r s e n a t e s . In a d d i t i o n t h e c o n t r o l measures r e s u l t e d 
i n r a i s i n g the l e v e l of a g r i c u l t u r a l p r o d u c t i o n . 
IM>TI'f[JTIOm.L FAGTOES 
The dawn of independence a f t e r n e a r l y two 
c e n t u r i e s of B r i t i s h r u l e had l e f t a legacy of p r o d u c t i o n , 
r e l a t i o n s which n e c e s s i t a t e d c e r t a i n i n s t i t u t i o n a l changes 
w i th a view to c r e a t i n g a more e g a l i t a r i a n s o c i e t y and a t 
t h e same t ime c r e a t i n g new s t r u c t u r e s and environment i n 
which the fo rces of p roduc t ion can be r e l e a s e d i n a 
manner t h a t the growth i s promoted. 
Rapid growth of a g r i c u l t u r e l i e s i n cont inuous 
economic adjustment of farm o r g a n i s a t i o n by a b s o r b i n g 
improved t e c h n o l o g i c a l i nnova t ions and i n s t i t u t i o n a l 
c o o p e r a t i o n on a p r o f i t a b l e b a s i s . The p rocess of 
a g r i c u l t u r a l development has a l r e a d y begun and the r e c e n t l y 
i n t roduced i n s t i t u t i o n a l reforms a r e paving way for a l a r g e 
s c a l e a p p l i c a t i o n of modern technology . The e f f i c i e n c y 
of i n s t i t u t i o n a l and t e c h n o l o g i c a l f a c t o r s i s a p p e a l i n g 
on ly when the land and people a r e i n p roper c o n d i t i o n . 
A s imple word ' l and refoiro* i s used to i n c r e a s e t h e 
p r o d u c t i v e e f f i c i e n c y of l and . 
In the t r a d i t i o n a l and g e n e r a l l y accep ted sense 
of the term, land reform means the impix)vement of 
61 
a g r i c u l t u r a l i n s t i t u t i o n s , for example, a g r i c u l t u r a l land, 
or income from land and a lso a g r i c u l t u r a l c r e d i t producing 
• 5 1 
market. 
Land reforms in India are intended to achieve two 
objectives. From the point of view of social justice, 
land reforms aim at redistributing ownership of land and 
improving in terms of land conditions of tenancy so that 
the share of the actual tiller of the soil improves in the 
value added in agriculture. In other words, the purpose of 
land reforms is to end exploitation of tenants, small 
peasants, marginal formers and share croppers by the landlords. 
The second aim of the land reform is to recognise the unit 
of cultivation so that holdings become economic and there is 
no waste of labour and capital in cultivation. 
The factors which are considered for the study 
are land consolidation, credit supply, role of cooperative 
society, land holdings land tenure . and land revenue and 
size of holdings. These factors play an important role in 
raising the agricultural productivity. 
31 U.N. , Progress in Land Reforms, 
New York, 1954, p.6. 
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1 . Land Holdings 
One of the important fac tors responsible for the 
backwardness of Indian a g r i c u l t u r e . i s the very small s i z e 
of holdings . This i s accompanied by the fact t h a t these 
small holdings are sca t te red into small fragments. 
According to Dantwala and Shahf "Holding i s defined as 
comprising a l l p lo ts (fragments, f i e lds ) under common 
ownership or c u l t i v a t i o n . The average s i ze of holding in 
India i s 2.3 hec ta res , but as aga ins t i t , the average 
s i z e in USA i s 158 hec ta res , UK 55 hectares and Aus t ra l i a 
1995 hec ta res . The findings of the Agr icu l tu ra l Labour 
iinquiry Committee"^-^ in t h i s regard i s noteworthing. I t 
says tha t 17 per cent of the holdings were l e s s than one 
a c r e ; 21 per cent were between 1 to .2 .50 ac res . About 
16 per cent were in the group of 10.52 to 25 acres and only 
5.6 per cent of the holdings were more than 25 a c r e s . 
Obviously, the average s ize of holdings in India 
i s low as compared with advanced countr ies of the world. 
There are two reasons for t h i s : f i r s t l y , the land man 
r a t i o i s not favourable in India . In other words, as 
32 Dantwala, M.L. and Shah, C.H., Evolution 
p f Land Keforms (General fieporty7~ 
Bombay, 1971, p . l 6 . 
3 3 Agricult-ural Labour Lnquiry Committee Keport 
on Intensive Survey of Agr icu l tu ra l 
Labour, 1954, Vol .1 . 
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compared wii±i the amount of land a v a i l a b l e , the populat ion 
of India i s quite high. Secondly, the proportion of 
populat ion depenient on ag r i cu l tu re i s about 70 per cent 
of the t o t a l population. 
The t o t a l number of holdings in India during 
1976-77 was 8,15,48,000 while the t o t a l operated area under 
these holdings was l6,32,2y,000 hec ta res . So the endless 
sub-d iv i s ion and fragmentation of holdings i s one of the 
many causes responsible for the slow growth of ag r i cu l t u r e 
i n Ind ia . The process of sub-divis ion and fragmentation 
i s not of recent or ig in but i t s h i s to ry can be t rea ted 
back: even before Hindu period. The Hindu and Muslim laws 
of inher i tence also accentuated th is tendency as they 
conferred equal r i gh t s to property among the h e i r s . 
The problem of fragmentation in India has been 
taken note of by many economists l ike Mann, Keatings, 
K.K. Mukerjee, Calvert , A.D. P a t i l , and also by the Royal 
Commission on Agr icul ture , from time to time and i t s 
e v i l s have been s t r e s sed , Mann sums up the ev i l s of 
fragmentation a s : " th i s destroys en t e rp r i s e , r e s u l t s in 
an enormous wastage of labour, leads to a very large loss 
of land owing to boundaries, makes i t impossible to 
c u l t i v a t e holdings as in tens ive ly as would otherwise be 
p o s s i b l e , and prevents the p o s s i b i l i t y of introducing 
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o u t s i d e r s , with, more money, as tenant fanners or as 
purchasers of a good a g r i c u l t u r a l property". 
The fragmentation and scat teredness of land holdings 
i s one of the main obs tac les in increasing a g r i c u l t u r a l 
production in p la ins and as well on h i l l s . When the 
holdings are in te rn ive ly fragmented, the c u l t i v a t o r has to 
look a f t e r more t i an one plot of land and he w i l l have to 
spend a great simount of time i n moving about from one plot 
to another . Personal supervision a l so becomes d i f f i c u l t 
and the eff iciency goes down. Land i s also wasted in 
boundaries , forms e t c . and sometimes i t so happens t ha t 
because of very small s i z e of the p lo t i s l e f t uncu l t iva ted . 
Thus land goes waste. Because of wastages of time and 
labour, the l o s t of cu l t i va t ion i s a l so inc reases . 
On account of excessive sub-d iv is ion , the s i ze 
of holding reduced to such an extent tha t i t becomes 
impossible to support a family from i t s produce. The 
uneconomic holding not only brings poverty to the 
c u l t i v a t o r but also br ings about progressive a g r i c u l t u r a l 
d e t e r i o r a t i o n . 
Due to the small s i z e of holdings, recommended 
improved methods of farming cannot be adopted which 
othei-wise would have brought higher output , Mukerjee in 
t h i s regard has very r i gh t l y said " that i n many cases the 
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inefficiency of agriculture is due to the small size and 
scattered nature of holdings rather than the ignorance or 
want of alterness on the part of the peasant. Such holdings 
do not afford sufficient work for the cultivator and leave 
him almost unemployed during most part of the year. 
Agricultural indebtedness is at once the cause and effect 
of the excessive division of holdings and very often enforced 
idleness and indebtedness go together. 
Recent surveys reveal that almost 66 per cent of 
the holdings were below 1.21 hectare in Uttar Pradesh. 
Uttar Pradesh had the highest number of holdings and 
maximum operated area but the average size of holding for 
this state was only 1.05 hectares which shows the heavy 
pressure of population on land during 1976-77. 
2. Land Consolidation 
One of the major causes of low agricultural 
productivity in India is the fragmentation of holdings. It 
involves two processes of sub-division and fragmentation. 
Once the process of fragmentation begins, it is accentuated 
with each succeeding generation. In other words, excessive 
34 Mukerjee, R.K., Rural Economy of India, 
1930, p.63. 
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fragmentation is the r e s u l t of the influence of the 
s o c i a l s t ruc tu re tha t c rea tes too great a demand for the 
l imi ted area of land by population l a rge ly dependent on 
i t . This i s due to the system of pr iva te law and custom 
which encouraged progressive sub-div is ion . Land consol ida t ion 
in i t s broadest sense always plays an important r o l e in 
any programme for increase i n a g r i c u l t u r a l p roduc t iv i ty . 
Consolidat ion of holdings is today of major i n t e r e s t in 
Ind ia , which i s engaged in e f fo r t s to improve i t s agrar ian 
s t r u c t u r e and who have to face problem caused by exeessive 
fragmentation and sub-div is ion . 
Land consol idat ion has been considered as the 
bes t measure to face the ev i l of sub-divis ion and 
fragmentation. The Planning Commission of India i s a lso 
of the same view and has suggested that the programmes of 
consol idat ion of holdings should be followed with f u l l 
vigour by a l l the s t a t e s in India . Land consol idat ion i s 
a process of s u b s t i t u t i n g the f i e l d s of the farmers in 
any area in such a way as to make the holdings held by 
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each of them more compact,'^ In otlier words a l l the land 
in a block is f i r s t pooled and i s then d i s t r i b u t e d among 
a l l the farmers of the block in compact pieces of land. 
35 Sharma, A.N,, Economic St ructure of Indian 
Agr icu l tu re . Bombay, 1984, p.156. 
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Land consolidation may also be defined as the amalgamation 
and redistribution of fields constituting individual 
holdings so as to reduce the number of fragments in the 
holdings. Consolidation of holdings has been regarded 
as an aspect of an integrated progrsumne of village 
reconstruction and besides regrouping of fragmented 
holdings included connected work of land improvement;' 
Consolidation of holdings major aim at giving every farmer 
a compact area equivalent in value, and as far as possible 
in area to the area held by him previously. 
land consolidation not only facilitates cultivation 
but also reduces the cost of cultivation. W.H.Moreland, 
the famous economist and administrator wrote in 1912 that 
"very great economy would result from a redistribution 
of land giving each cultivator a compact area around his 
house, each field of which would be constantly under his 
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eye and within the reach of domestic manure supply". 
56 Agrawal, G.D. and Bansi l , P .C . , Economic 
Problems of Indian Agr icu l tu re , 
Delh i , 1969, p .141. 
57 Tiwari, S.N., "Land Consolidation and i t s 
Impact on Land U t i l i z a t i o n " , The Deccan 
Geographer. Vol.8, N0.I&2, 1970, p .89 . 
58 Heport of the KTatiorLal Commission on 
A g r i c u l t u r e , Government of India , Delhi , 
P a r t 15, 1976, p .185. 
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Land consol idat ion in India had i t s beginnings 
i n the attempt to stop or r e s t r i c t sub-divis ion of f i e l d s 
and to prevent fragmentation. The cooperat ive consol ida t ion 
of holdings, l e g i s l a t i o n for compulsory consol idat ion of 
holdings was passed in 1928. After the independence of 
the country spec ia l measures have been taken in most of 
the s t a t e s of India. The Government of Ut ta r Pradesh 
passed land consol idat ion Act in 1959. The provis ions of 
the Ut t a r Pradesh Act came into force in January 1940 
and the scheme of consol idat ion was introduced in 12 d i s t r i c t s , 
The consol ida t ion Act of Uttar Pradesh was amended i n 1958 
in order to acce le ra te the pace of consol idat ion by 
removing the obstacles which cause delay in t h i s work. 
Consolidation of holdings has a number of advantages. 
I t saves both time and labour, supervision and management 
of land become easy and e f f ic ien t operat ional eff iciency 
i s promoted. There is much g rea te r scope for i r r i g a t i o n 
and conservation p r a c t i c e s . Consolidation of holdings 
provides an opportunity for replanning the e n t i r e v i l l a g e 
Gominunity. I t encourages adoption of modern farming 
p r a c t i c e s . 
The consol idat ion of holdings w i l l have d i r e c t 
e f fec t on the product ivi ty of land. Agr icu l tura l operations 
a re car r ied out on the en t i r e area of the holding a t the 
most favourable time. In the sca t te red f i e ld system, 
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agr icu l tu ra l operations in the outlying fields are often 
not done in time. Distribution of the farm among different 
crops is easier, economical and more efficient in the 
sense of water u t i l i za t ion . Damage in the form of grazing 
by stray cat t le i s minimized. Due to the land consolidation, 
chances of thefts during harvests are minimized. Land 
consolidation provides in conserving the manure and more 
intensive cult ivation i s possible. Much of the land, 
which otherwise goes waste due to field alignments, 
comes under cult ivation due to land consolidation. 
Agricultural production has been observed to increase by 
5 to 10 per cent in a vi l lage after consolidation. 
Social advantages of consolidation are numerous. 
I t enables development of vi l lage communication, planning 
of the vi l lage abadi, and provision of social amenities 
and works of common u t i l i t y . I t becomes possible to 
develop in ter -v i l lage , in t ra-v i l lage , and in t e r - t ahs i l 
roads, thus enabling the farmer to carry fodder and crops 
to homes and markets in car ts instead of as head loads. 
In brief, a correct procedure in consolidation 
ensures the allotments of f ields to the farmer on the basis 
of variat ions in so i l , topography, location etc . to enable 
him to grow the major crops of the area. 
70 
5• Effects of Consolidation of Holdings 
on Cultivation 
"The scheme of consolidation of holding is the 
only remedial measure to check the wide spread fragmentation 
of holdings, a serious obstruction to efficient and 
profitable farming",^ Consolidation of holdings effect 
the cultivation in many ways are as follows: 
a) Increasement of agricultural efficiency. 
b) Development in soil condition. 
c) Development in the extension of cultivation. 
d) Better maragement. 
e) Increasement in social condition. 
When the land is compact in a single plot the 
cultivator has to devote his full time in it. In this 
way this scheme save the time, labour and energy and has 
helped the cultivators to be quick and careful to supervise 
their fields. The consolidation of holdings, the cultivation 
becomes easier and it also reduces the cost of cultivation. 
Extension of cultivation means to bring more land under 
agricultural purposes. The land which is wasted in 
boundaries, farms etc. can be brought under cultivation by 
land consolidation and thus the cultivation can be increase. 
59 Mohammad, N. and Thakur, R., Perspective 
in Agricultural Geography, 
New Delhi, Vol.5, 1981. 
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By the land consolidation, the soil condition 
can also be improved. When the land is consolidated, the 
manure can be conserve and more intensive cultivation is 
possible. It is observed that the acreage in irrigated 
lands has increased after consolidation. The scheme of 
land consolidation has brought a great change in the 
attitude and tendency of peasants in cultivation of crops. 
Because of good irrigation facilities, the cultivation 
of mani"- crops has comparatively increased. Kecommended 
and improved methods of cultivation can be adopted which 
would have brought higher output by the land consolidation. 
The scheme of land consolidation effects the social 
structure very much. 
4. Credit Supply 
One of the major aims of our agricultural policy 
is to increase agricultural production in the country. 
Any rapid growth in agricultural production in the short 
run requires a rapid and radical change in the character 
of agricultural technology which is reflected in the use 
of high yielding varieties of seeds, intensive use of 
fertilizers and plant protection measures.^ The new 
technology is highly productive but at the same time, more 
costly and unless proper credit facilities in conjuction 
with careful extension advice and other necessary 
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i n s t i t u t i o n a l in f ras t ruc tu re are provided to the la rge 
majority of c u l t i v a t o r s , no subs t an t i a l gains can be 
achieved. Agr icu l tura l c red i t in terms of crop loans 
i s a va r i ab le resource and i s meant for meeting the costs 
of some of these c r i t i c a l cost ly inputs apar t from 
providing sustenance to the farm family during the period 
preceding the harves t . 
Credit supply i s one of the most important economic 
determinant and l i f e blood for a g r i c u l t u r a l development. 
In order to produce more, farmers need to spend more on 
improved inputs which must be financed e i t h e r out of savings 
or by borrowing. One of the s t r i k i n g fea tures of the 
ag ra r i an s t ruc tu re is the fac t tha t the la rge bulk of 
farmers axe poor with uneconomic holdings and l i t t l e or 
no tangible a s s e s t s to offer as secur i ty aga ins t the loans 
they requi re for r a i s i n g t h e i r productive capacity on the 
farm.:. . Underlining t h i s need, a United Nations study 
po in t s out the importance of the problem of proper provision 
of small and medium sized farmers, and of a l l fac tors which 
impede i t s so lu t ion . There are three ways along which 
40 Chawdhari, T .P.3 . and Sharma, J . I , , 
Crop Loan System; A Study in 
Andhra Pradesh and Punjab, Hyderabad, 
1970, p . 1 . 
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the solution might be sought, "Firstly, local authorities 
might be empowered to make loans for agricultural 
implements. Secondly, a new bank might be created as a 
specialist institution to make loans against approved 
security; Thirdly, there is need to build the institution 
of the cooperative society which has enjoyed some measure 
of success. Cooperative societies are regarded by far 
the best agency to provide productive credit to the farmers. 
In fact, a cultivator needs more credit than 
moot industrialists because he must maintain himself and 
his family for several months during each season while the 
crops are growing and does not get any return till he has 
42 harvested and sold them: 
The cultivator in India suffers from great 
disabilities and handicaps in the selling of his produce. 
Lack of sufficient finance and existence of a long chain 
of middle men, effecting efficiency in agricultural 
production very unfavourably. The Indian farmer has to 
sell his produce and he would like to sell it at a 
reasonable price. But unfortunately, the marketing system 
41 Jain, 3.C., Agricultural Development of 
African Nations, Bombay, Vol,2, 
TWi, pp.91-92. 
4 2 Agrawal, A.N., op. cit., p,17. 
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developed in India operates against him and there are a 
host of middle men who are working to buy cheap from the 
•peasant and sell it at a higher price later. In this way, 
the poor cultivator, because of his weak holding capacity, 
is not able to obtain a better price for t!:e produce. A 
marketing system which protects the interest of both 
producers and consumers is the back bone of the agricultural 
development. In this connection three factors are 
important. Firstly, an adequate arrangement for procurement, 
secondly, a well spread regulated market and thirdly, 
suitable structure of support prices. 
It is said that if adequate and timely credit 
supply is provided to the farmers with lower interest rate, 
they can develope their agriculture more quickly. 
Availability of adequate and timely credit facilities 
4. "5 promote fast development of agriculture;-^ 
There are other institutions like cooperative 
societies, land Development Banks, Commercial Banks, 
Regional Rural Banks and National Bank for Agriculture and 
Rural Development which play an important role in agricultural 
development. Banks like commercial Banks made available 
in the form of advances for the distribution of fertilizers 
43 Mohammad, N., op. cit., pp.223-24. 
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and other inputs. In this way, Indian farmers are raising 
agricultural production by timely credit supply. So with 
the help of such credit, use of fertilizers, improved 
seeds, adoption of plant protection measures etc. may 
certainly be promoted, 
5. Cooperative Society 
Now-a-days, cooperative credit societies are the 
most important source of credit to the farmers. Primary 
agricultural credit societies provide short term, medium 
term and long term loans to the farmers for productive 
purposes. The cooperative societies in India are organized 
in the form of a pyramid. The cooperative societies have 
made notable progress during 1951 to 1980. 
Efforts to build up institutional financing the 
agriculture started with the adoption of the Cooperative 
Credit Societies Act (1904) for the next 50 years. The 
All India Rural Credit Survey (1951-54) pointed out that 
inspite of various administrative refonns and availability 
of credit from Reserve Bank of India the cooperative system 
accounted for only 3 per cent of the total borrowing of the 
cultivators and farmers are continued to depend on money 
lenders. It suggested large size societies with a increase 
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state assistant. The National Development Council (1958) 
recommended that the cooperative should be organized on 
the basis of the village community. It should also be 
remembered that the central need of the small and marginal 
farmers is not injerely money but the timely availability of 
a package of inputs. 
Now cooperative societies are the main source of 
loans for the agricultural production. Farmers get urgent 
and immediate financial help through cooperatives. The 
main characteristic of cooperative is that it provide the 
effective use of loans through efficient supervision. 
Wow the cooperatives are the best remedies in respect of 
agricultural marketing. 
In the field of agriculture, cooperative societies 
provides the various inputs which plays a crucial role in 
the agricultural development. Cooperatives provide the 
chemical fertilizers, distribution of high yielding 
varieties of seeds, distribution of new implements and 
machinery, irrigation facilities, pesticides and sparying 
equipments. 
Role of cooperatives in intensifying agricultural 
production, it should make permanent arrangement in the 
rural areas for producing seeds and organic and green 
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manures needed and arrange for the supply of these in 
kind to cultivator who cannot pay in advance. The 
recoveries should be made after harvest of crops. The sale 
of chemical fertilizer by cooperative increased from about 
Rs.32 crores to Rs,73 crores in 1963-69 in India. 
In 1960-61, these societies covered 45 per cent 
of the villages. The coverage has increased to 98 per cent 
in 1979-80. The membership of the cooperatives is also 
increasing. In 1979-80, the membership of the cooperatives 
was 54.8 million as against 44 million in 1950-51. The 
credit provided by the cooperatives is estimated to be 
around 35 per cent of the total credit needs for agriculture 
in 1979-80 as compared with only 3 per cent in 1950-51. 
The Agricultural Cooperative Credit Societies 
have become a very important source of short term and 
medium term credit. They are slowly replacing the money-
lenders in the villages. 
The purpose of the short term loans is to purchase 
seeds, fertilizers, cattle etc. In times of famines, such 
4 4 Mathur, R.P., Cooperative Movement in U,P.. 
Lucknow, 1969. 
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loans are also used to support families. These loans 
are for a period of less than 15 months and are generally 
rapid after the harvest. 
Medium term loans are for a period ranging between 
15 months to 5 years. They are mostly used to purchase 
agricultural implements, to make improvements on land etc. 
The purpose of these loans is to enable the cultivator to 
purchase relatively more costly equipment and spread the 
repayment over a period of 5 years. 
Long term loans are for long periods of more than 
5 years. These loans are used to buy land, to pay off 
old ancestral debt, to purchase costly agricultural 
machinery like a tractor or a harvester. 
6. Land Tenure and Land Revenue 
One of the various factors that contribute to the 
well being or otherwise of the agricultural industry, the 
system of land tenure is by far the most important. The 
term "land tenure" stands for the system of rights and 
obligations of the members of the rural community in relation 
45 to the landlord and stateT It refers to the terms or 
conditions upon which land is held or possessed; it defines 
45 Agrawal, A.N., op. cit., p.150. 
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that legal relation in -which the holder of any land stands 
to the government or any other superior landlord. In 
brief, the system of land tenure relates to the question of 
intermediary interests, land utilization and distribution of 
farm income. 
Obviously that system of land tenure ideal which 
provides for maximum utilization of land in the general 
interests of the community, most efficient cultivation and 
progressive farming, fair distribution of farm income, 
opening up of opportunities for a further development of 
peasants personality and peace and social progress in the 
country side. The cultivator will have the incentive to 
produce more and better only when he enjoys security of 
tenure and is assured of fair return for his labour. At 
the same time, the system should be so designed as to 
promote the well being of the whole nan and to subseirve 
desirable social ends. For the past few years the various 
State Governments in our country have been carrying out 
land reforms in their respective territories with a view 
to make agriculture efficient and progressive and also to 
create new social values. 
The existing arrangements the tenant, had no security 
of tenure, is a condition precedent to efficient and 
progressive farming. In many cases the tiller was a mere 
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tenant-at-will liable to ejectment at the sweet will of 
the holder. Naturally, therefore, he had not the necessary 
incentive to make improvements of any kind. He always not 
sure whether he would be able to enjoy the fruits of his 
labour and capital investments. Certainly this was bound 
to hinder efficient utilization of land. 
The Congress Agrarian Reform Committee commenting 
on land system and rack-renting says, "It has been found 
by experience that unless land is owned by the tiller his 
incentive to production does not reach the optimuin point. 
Because of the absence of any guarantee that he would 
get the full benefit resulting from improvement in the land 
he cultivates. The improvement, if any, made by him, will 
only enhance the rate of rent which he has to pay, even if 
he is allowed to enjoy the security of tenure". 
The system of land tenure was considered in the 
cabinet committee on agriculture and decided that a major 
change in the system is not advisable at this time. The 
committee was in the opinion that pressure will come 
eventually from the people themselves following the increased 
46 Keport of the Congress Agrarian Reforms 
Committee, p.58. 
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use of ox-drawn equipment and the introduction power 
operated machinery on land; with the demand from the people 
for a different system of land tenure, bringing as it will 
fundamental changes in the old pattern and way of life, a 
new system is more likely to succeed than if the initial 
step comes from the Government. 
From very ancient times the state in India claimed 
a share of the produce of the soil from the cultivators. 
The institutes of Timur,- represented the first systematic 
attempt in the direction of commuting the state's share of the 
produce into money. The next attempt was made by Sher Shah 
(15'40-45). During his times the whole'territory was 
measured and neetly divided into Suba's. which were sub-
divided into Sarkar's and then into Dastoor and Pargana's 
from where revenue was collected. The third and the most 
famous settlement was made under Akbar. A more scientific 
and detailed system of investigation into taxable capacity 
of different soils was undertaken as a necessary 
preliminary to the fixation of the revenue demand. Land 
was carefully measured and divided into four classes 
representing different grades of fertility. The share of 
government was fixed at one third of the gross produce. 
47 Jain, S.C., 'Agricultural Development of 
African Nations, Bombay, Vol.2, 
1967, pp.168-1^9. 
Option to pay in cash based on the average pr ices of food 
gra ins during 19 years preceding the set t lement was given^ 
and the terai of se t t l ement was fixed a t nine yea r s . 
Mughals are credi ted with the in t roduct ion of regular records 
and revenue accounts for the purpose of gaining d e f i n i t e 
knowledge about the f inanc ia l resources of the s t a t e . 
The next important feature of the h i s tory of land 
revenue and tenure i s the appearance of revenue farming, 
a f ac to r of great s ignif icance in the development of loca l 
system of the land tenure in more than one province. The 
i n s t i t u t i o n was designed to ensure a steady flow of income 
in to the t reasure of the Central Government which in the 
dec l in ing days of Mughal Empire became more incapable of 
c o n t r o l l i n g the revenue o f f i c i a l s i n the out ly ing pa r t s 
of the empire. The system became f a i r l y general in Bengal 
froin the re ign of Emperor Farukhsiyer( 1815-17). Under i t 
the revenue farmer paid the government n ine- tenths of the 
whole c o l l e c t i o n and kept the res t a t h i s remuneration. 
With the in t roduct ion of B r i t i s h ru le in the 
country, the s t a t e was regarded as the supreme landlord . 
The B r i t i s h fixed the maximum demand a t one half of the net 
a s s e t s . The agrar ian society of the B r i t i s h period was 
so s t ruc tured as to impede the development of forces of 
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of production. During British rule, three kinds of land 
tenure was established. These were a) Zamindari, 
iiyotwari, and c) liahalwari. 
According to the Zamindari system, ownership 
rights were conferred on one or several Zamindars for a 
certain piece of land. Land revenue was either fixed in 
perpetiuty or for a shorter period ranging between 20 and 
40 years. Under the Kyotwari system, the peasant himself 
the owner. The land revenue has to be paid by the owner 
of land. Land revenue was fixed for 20 to 30 years. Under 
the Mahalwari system, lands were jointly held by the 
village communities. For the payment of land revenue, the 
village community was jointly responsible, Lumbardar 
collected the land revenue and received 5 per cent 
commission for depositing it in the state treasury. 
Uttar Pradesh under the British rule was temporary 
settled Zamindari province. Land under the personal 
cultivation of the zamindars was called J ^ and Khudkasht. 
Next to zamindars, there were sub-proprietors and under-
proprietors. 
The Uttar Pradesh Zamindari Abolition Committee 
(1944-45) estimated that one in every five cultivators was 
a tenant under a tenant, a tenant of Sir and Khup-kasht 
or occupier of land without consent. All of them have 
little security of tenure and could be evicted from the 
land by the landlord. These inferior tenure holders 
cultivated no less than 8.87 per cent of the total area. 
Zamindari was abolished in the state with the 
effect from July 1952 and the multiplicity of tenures was 
reduced to only three categories, viz., Bhumidari, Sirdari 
and Asami and the cultivator was brought into direct 
contact with the state. A Bhumidari has a peiTnanent 
heritable and transferable rights of his holding. The land 
revenue of Bhumidars who have acquired the right by paying 
ten times land revenue has been fixed at 50 per cent of the 
rent paid by them. 
A Sirdar is entitled to use the land for 
agriculture, horticulture but not for other purposes. He 
pays as land revenue to the state directly the amount he 
formerly paid as rent to the Zamindars. A Asami cannot 
use his holding by his will. 
The most important feature of the post- Zamindari 
abolition period was a marked increase in the area under 
cultivation and current fallow. The area under old fallow 
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and cultivable waste considerably decreased. "Graveyards 
and otherwise barren land" also showed a decline of about 
20 per cent'J® 
48 Singh, B. and Mishra, S., A Study of 
Land Reforms in Uttar Pradesh, 
p.1^7. 
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CHAPTER IV 
ME THODOLOGY 
8? 
Geographical study of agriculture and its 
development is important for those areas which have high 
degree of variations in agricultural inputs and production. 
Kegional imbalances have characterised agricultural 
development. However, the variations in the levels of 
agricultural development in various regions of the country 
are accompanised by equally sharp variations in infrastructure 
facilities. Technological and institutional factors play 
a crucial role in the development of agricultural productivity, 
These factors affect agricultural productivity which has 
direct affect in agricultural output. The areas which 
are well supplied by agricultural inputs but have low 
production are regarded less developed, while the areas 
which are having relatively low inputs but their output 
is high are considered to be developed areas. In this regard, 
there is need of proper inputs in proper way to get maximum 
output. On the other hand, the age old agricultural practices 
and unbalanced inputs hamper the agricultural production. 
This problem of regional disparities has been causing great 
concern to the geographers. Western Uttar Pradesh is a 
region facing this problem. Therefore, this region is 
selected as a case area for the proposed Ph.D. work. This 
work will be entirely based on the data obtained from the 
Directorate of Agricultui'al Statistics, Lucknow and Census 
of India publications. 
Regional imbalances may clearly be perceived in 
terms of various indicators of agricultural development 
in western Uttar Pradesh, the study area,are listed below: 
1. Intensity of agricultural inputs. 
2. Index of agricultural productivity. 
5. Diversification of cropping. 
4. Commercialization of agriculture. 
5. Percentage of irrigation potential created to 
net sown area. 
6. Degree of agricultural development. 
The regional pattern of these indicators based 
on district level data in this region will be studied. 
This pattern will give the degree of variations and the 
role of the technological and institutional factors among 
the intra district variations will be examined. The main 
technological and institutional factors which are supposed 
to be studied are as follows: 
1. Institutional Variables 
a. iiize of land holdings. 
b. oub-division and fragmentation of holdings. 
c. Land consolidation and its effect on cultivation. 
d. Cooperative societies. 
e. Credit supply. 
f. land tenure and land revenue. 
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2. Technological variables. 
a. Modern agricultural machinery and implements. 
b. High yielding varieties of seeds. 
c. Use of chemical fertilizers. 
d. Irrigation. 
e. Mechanization agriculture. 
f. Use of pesticides and control of diseases. 
These factors play a very crucial role in the 
development of agriculture in western Uttar Pradesh. 
There are many techniques for this study of level 
of development. But the following three techniques are 
important for inter district comparative studies of level 
of agricultural development. 
1. Simple ranking method. 
2. Multiple regression. 
3. Principal component analysis. 
The co-relation technique which may be useful 
in the study of regional variations are found here to exist 
in complex inter connections with technological and 
institutional variables. Among the corelation there are 
two techniques are as follows; 
a) Product moment correlation 
b) itank differences correlation 
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a) Product moment correlation: 
r = 
\J^i^£r 
b) The rank correlation coefficient (P) is obtained 
from the following equation: 
6^d2 
^ = ^ - n (n2 - 1) 
d = rank differences of the two variables 
n = number of observations 
From the significance point of view, both techniques 
can be tested vfith the use of 't' distribution, obtained 
from the following equations; 
t = r A n - 2 
\ 1^r^ 
and 
t = P n 
1-p2 
The mult iple regress ion technique provides the 
l i n e a r r e l a t ionsh ip between one v a r i a b l e and a number of 
o t h e r s . This technique is as follows: 
y = m + n. x> +• n^ Xp + a, x^ -i-
v;here 
y, X , Xp, X-. are the variables and 'm' is the constant 
area and n , n^, ii^  are coefficients. 
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The third, i.e., principal components analysis 
is more sophisticated and scientific, v;eights are assigned 
objectively and the index is prepared. 
In brief, it discovers as to how much of the 
total variability exhibited by the primary variables can 
be accounted for by a smaller number of new independent 
variables of the principal components. The analysis 
involves an orthogonal transformation of a set of variables 
(W^, M^ \ ) into a new set (N^, ^2 \) . The 
transformation may result in (N,, N^ —• N,) being 
\ c a 
uncorre la ted to one with another, not withstanding the 
fact tha t the o r ig ina l va r i ab les (M., M,, hi) may have 
been quite highly i n t e r - c o r r e l a t e d . 
The o r ig ina l t o t a l variance associa ted with 
M , M M is preserved exactly in the t o t a l var iance 
\ d a 
of the components N., Np N because there are many 
components derived. The solution of the problem is that 
the IL accounts for the highest proportion of the variance, 
:\ for second largest share, and so on, called as first 
principal component, second principal component, and so on. 
The first principal component is a linear 
combination of all the different variables taken as a 
meaningful indicator of the agricultural development of the 
region. The variance of this first principal component which 
will be maximum of all the variances of this component. 
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CHAPTER V 
WESTERN UTTAR PRADESH : LOCATION 
AND PHYSICAL LANDSCAPE 
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LOCATIOH 
Western Ut ta r Pradesh l i e s approximately between 
26°20'N to 29°45'N l a t i t u d e s and 77°E to 80°E longi tudes . 
I t comprises fourteen d i s t r i c t s of Saharanpur, Muzaffamagar, 
Meerut, Bulandshahr, Aligarh, Mathura, Agra, Maiapuri, Etah, 
Budaun, Shahjahanpur, Moradabad, Farrukhabad and Etawah, 
The d i s t r i c t s of Saharanpur, Muzaffarnagar, Meerut, 
Bulandshahr and Aligarh l i e in the Ganga-Iamuna Doab, Etah 
and Mainpuri l i e in the cent re of the region and Farrukhabad, 
Shahjahanpur, Budaun and Moradabad l i e i n the eas te rn and 
nor theas te rn pa r t of the region. 
Western Ut tar Pradesh markedly d i f f e r s in phys ica l , 
s o c i a l and economic c h a r a c t e r i s t i c s from the nor thern , 
southern and eas tern bordering regions but i t i s devoid of 
any such l i m i t s on the west and eas t where the land with 
impercept ible phys ica l , c l imat ic and economic v a r i a t i o n s 
seldom provides any landmark to put a prec ise divide between 
i t s counterpart the Punjab P la in on the west and c e n t r a l 
Ut tar Pradesh on the e a s t of the region. The d i s t i n c t i v e n e s s 
of western and eas tern regions of Ut tar Pradesh in respec t 
of crops and cropping pa t te rn i s notable ; there i s overwhelming 
acreage (80 per cent) of the cropped area under ce rea l s 
with dominance of r i c e , a humid crop in the ea s t , while 
95 
wheat, barley, sugarcane and millets account for about 
60 per cent of the total cropped land in the west. 
STRUCTURE 
An almost imperceptible change in elevation and 
a uniform surface are the two noteworthy features in the 
physiography of the region. Like eastern Uttar Pradesh, 
it also forms part of alluvial filled Indo-Gangetic Trough. 
Oldham estimated the depth of alluvium between 4000-6000 
metres and Burrandconsidered the existence of a fault 
with 32 km downthrow Himalayas. Later Glennie estimated 
the thickness of about 2000 metres. The recent findings of 
the aeromagnetic survey of the Ganga Valley have thrown 
much light on the depth of the alluvium and nature of the 
trough. The alluvial filling on an average is 1300-1400 
metres, decreasing gradually southward. A zone of over 
8000 metres depth runs all along the Himalayas. The westward 
decrease of the depth is well marked as the small basin 
lying to the west of Moradabad - Kathgodam alignment has 
Marain, H., Airborne Magnetic Surveys, 
Proceedings of Seminar on Earth Sciences, 
Part I, Geophysics (Hyderabad, The Indian 
Geographical Union, 1985), pp.119-129. 
Quoted from Singh, R.L., India: A Regional 
Geography, Varanasi, 1971, p.129. 
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less than 6000 metres depth of the alluvium. The Ganga-
Yamuna Doab south of Bulandshahr has in general, less than 
1500 metres alluvial depth. 
PHYSIOGRAPHY 
This seemingly featureless plain lacks in general, 
topographic prominanee. However, the Ganga-Yamuna Doab 
exhibits somewhat more stable Bangar lands which sometimes 
rise 15 to 6o metres above the adjoining floodplains. 
Throughout, the region there is a preponderance of local 
slopes over the regional slope. The streams such as the 
Kali and the Hindan have to go a long way parallel to their 
master streams to empty themselves. 
Thus the micro-level topographic facets and their 
regional characteristics make it possible to devide western 
Uttar Pradesh into two physiographic units, i.e., 
1) Gangapar higher plain area in the north and 
2) Upper Ganga-Yamuna Doab. 
DMIMGE 
There are three main drainage systems in western 
Uttar Pradesh: the Ganga, the Yamuna and the Ram Ganga 
and their tributaries. Although the Yamuna and Ram Ganga 
are the tributaries of the Ganga but for purpose of this 
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study they have been t rea ted sepera te ly . There a re some 
perennial and some seasonal r i ve r s a l s o . The drainage 
follows the general slopes of r e l i e f feature of the region . 
Their general d i r ec t ion i s from north and northwest to 
south and southeast , 
1, The River Gamga 
The r i v e r Ganga ent res the upper doab p la in a t 
Hardwar through a well defined gorge in Siwal iks , ' The 
Saloni r i ve r joins the Ganga in Muzaffarnagar d i a t r i c t . 
I t forms the eastern boundary of Muzaffarnagar and then 
i t en t res into Meerut d i s t r i c t and separates i t from the 
d i s t r i c t of Bijnore and Moradabad, The Ganga forms the 
eas t e rn boundary of the d i s t r i c t s of Bulandshahr, Al igarh, 
Etah and Farrukhabad and i t also separa tes the d i s t r i c t s 
of Moradabad, Budaun and Shahjahanpur which l i e to i t s eas t . 
General ly, i t s d i r e c t i o n of flow i s towards south and 
sou theas t . The t r i b u t a r i e s of r i v e r Ganga, in western 
Ut ta r Pradesh, are the Kali nadi , Mm nadi , Isan nadi , 
T is ta , Burdmar, Ghhoiya, Bhainsaur and the Sot nadi . Most 
of these are seasonal streams and increase i n t h e i r volume 
during the r a i n s . 
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2. The Yatmuna 
The lamuna, is second big river of the area. It 
joins Ganga at Farrukhabad, The river Yamuna forms the 
western boundary of many districts of western CTttar Pradesh 
such as Muzaffarnagar, Meerut, Bulandshahr and Etawah. 
The course of the river is quite irregular along the 
parganas, Bidauli, Kairana and Koondhala of Muzaffarnagar 
district. It flows in south southeasterly direction. The 
bank of river remains high in the north but as the river 
flows towards the south in the district of Meerut, the 
height of the bank is reduced considerably. The Hindon 
nadi Joins the Yamuna near Dadri in Bulandshahr district. 
In Mathura the width of Yamuna is about 3 km. It entres 
Agra with a great loop, making a common boundary of the 
two districts. In Agra its average depth is about 5 metres. 
The course of Yamuna is much wider in Mainpuri district 
because it flows through soft and sandy land, lAich is more 
liable to erosion, Yamuna makes the boundary between Agra 
and Etawah and between Jalaun and Etawah before receiving 
the water of river Chambal, 
The tributaries of Yamuna in western Uttar Pradesh 
are the Hindon, Karwan, Rind, Chambal, Sergar, Sirsa and 
the Utangar, 
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3, The Ram Ganga 
The Ram Ganga is third major river of western 
Uttar Pradesh. Though it is a perennial river coming out 
from Himalayas and has a well defined course, yet the 
area under its course is liable to continuous changes 
owing to the shifting of the river bed. The surface of 
land is subjected to annual inundations, depositing fine 
sand and silt, similar in character to that of Ganga. 
The eastern low land of Budaun district consists 
of numerous lakes, small and large channels, marshes, land 
depressions and water-logged patches of land which are the 
vestiges of an ancient bed of river Ram Ganga and are now 
locally known as bankati in the Budaun district. 
The tributaries of Ram Ganga are the Aril, Kadwara, 
Bhikha, Gangan, Rapi, Dhela, Kosi, Dhali, Rajhera, Narha 
and the Bhagul. 
CLIMATE 
On account of the uniformity of r e l i e f , there i s 
a remarkable uniformity of climate over l a rge r areas of 
the western Ut ta r Pradesh, I t i s a sub-hiunid region 
between the dry Punjab Plain and the humid Eastern P l a in 
of U t t a r Pradesh, within the vast monsoonal regime of the 
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Great Plain and naturally partakes the characteristics 
of the two adjoining regions. With comparatively greater 
incidence of winter rain, the region distinguishes itself 
from the Eastern Plains. 
The average weather conditions emerging out of 
the combined effect of the various elements lead to the 
recognition of four well marked seasons, i.e., the Hot 
Summer, the Wet Summer, the pre-winter transition and the 
winter. The gradual rise in temperature which starts from 
February, becomes more rapid increasing by 5*^0 by March 
and continues till May/June (maximum temperature over 40°C) 
unless checked by the incursion of the more humid easterlies, 
though the precipitation does not materialise by this time. 
The scorching effects of loo (the hot and dry westerlies) 
are aggravated due to the lower relative humadity (below 
40 per cent). The Himalaya undoubtedly exerts influence 
as the maximum May temperature remain well below 40 C 
at Meerut, whereas it crosses the limit in the southern part 
i.e., at Agra. The pre monsoon (March-May) showers are 
meagre (below 5 cm) and the share in the average annual 
rainfall ranges between about 1 per cent in the northern 
part. 
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The rainy season conunences in the later half of 
June at different dates which are too uncertain to be 
predicted. It brings relief to the people by lowering down 
the temperatures gradually while between 30 and 40°C 
during June-October. The relative humadity remains over 
70 per cent throvighout the rainy season, except for June 
when it averages below 50 per cent. The rainjr months 
account for over 90 per cent of the total annual rainfall. 
The monsoon rainfall decreases westward as well as southward 
(Saharanpur 75 cm and Agra 68 cm). The season occasionally 
assumes sultry condition which are more confined to the 
northern and eastern sections. There is dominance of 
Bay of Bengal currents. Occasionally the dying Bay depressions 
are revitalised by the Arabian Sea currents in the western 
part of the region. The agricultural activities are much 
dependent on the onset, withdrawal, breaks and the nature 
of the downpours. The late withdrawal hampers the timely 
sowing of the rabi crops while the late start, the sowing 
of the kharif. 
The rainy season comes to an end by October with 
a sudden fall in temperature (over 4°C) and amount of 
rainfall. Rainfall does not exceed 10 cm in October 
throughout the region. The two transitional months 
(October-November) are characterised by the second minima 
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of r e l a t i v e humidity, somewhat unstable atmospheric 
condi t ions and often f a i r weather. Soon a f t e r the winter 
condi t ions s e t t l e in which are marked by fur ther f a l l in 
temperature and prevalence of dry and c h i l l y wes te r l i e s 
occurred by the western depressions associa ted with welcome 
r a i n and the cold waves and r eg i s t e r i ng temperatures below 
freezing a t place (Agra -2.2°C on l6th Januaiy, 1935). The 
average temperature is lowest i n January (below 20 C) which 
s p a t i a l l y decreases west and northward (Agra 14.8 C and 
Meerut U .2°C) . The incidence of winter r a in in the region 
i s r e l a t i v e l y more than the Middle Ganga P la in but l e s s 
than Punjab P l a i n s , as i t receives about 5 per cent of the 
t o t a l annual p r e c i p i t a t i o n . Even t h i s meagre r a i n f a l l , 
a s soc ia ted with the dampruss of atmosphere and lower 
p o t e n t i a l evapotranspira t ion due to the low temperature 
becomes more ef fec t ive and benef ic ia l to the r ab i crops. 
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In this region of almost uniform topography and 
lithology, the soils are by and large, homogenous. The 
alluvial soils with the variants, the usar and bhur, 
depending on the drainage conditions, mechanical and chemical 
constituents and the climatic characteristics, are observed 
in different parts. In addition, there are minor variations 
in certain properties. The two common types - the khadar 
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and bhansar with different local names, which sometimes 
stand for minute variations in properties, are quite 
widespread. 
The khadar soils, relatively rich in plant nutrients, 
occupy the narrow tracts in the flood plains of the rivers. 
Neutral to alkaline in reaction (pH 6-8), these are 
deficient in organic materials specially phosphorous, and 
are sandy to loamy in texture. Locally, as observed by 
2 
Agarwal and Mehrotra; the Ganga Khadar s o i l s have immature 
p ro f i l e with sandy to s i l t y loam tex tu re , lack of concre t ion, 
f a i r proport ion of lime and other soluble s a l t s and are 
a l k a l i n e in reac t ion (pH 8) with imperfect drainage, while 
the Yamuna Khadar s o i l s have sub-mature p ro f i l e with 
pre-dominance of clay and concretion and very high lime and 
o the r soluble s a l t contents under the poor drainage condi t ion . 
The bhangar s o i l s are more extensive in a r e a l 
spread, occupying the i n t e r f l u v i a l zones. Rela t ive 
consistency in the factors responsible for the s o i l development 
has provided i t a somewhat mature p rof i l e with varying 
co lou r s . In general the soluble s a l t s and lime are low 
Pur i , G.S. , Indian Forest Ecology(New Delhi, 
Oxford Book and Sta t ionery Co., I960), 
p .548 . Quoted from Singh, R.L. , India : 
A Regional Geography, Yaranasi , 1971, 
p .136. 
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and show neutral to slightly acidic reaction except pH 6-7.5 
in the lowlying areas prone to water-logging. Illuviation 
is a common characteristic everywhere. In the proximity 
of the Ganga these are loamy to sandy loam in texture while 
near the Yamuna the silt content decreases giving sandy to 
sandy loam texture possibly due to the excessive drainage. 
Among the variants important are the usar (reh) 
found in Shahjahanpur, caused by the efforescence of 
sodium carbonate and sulphate under the alternjiting rainy 
and dry season, higher water table and alkaline composition. 
Another variant, the bhur, the sandy river deposit 
is highly localised in the narrow belt along the Ganga. 
The soil more sandy in texture and workable economically 
only with irrigation. 
Slightly different from the khadar and bhangar 
is the submontane soil where two physiographic units, the 
bhabar and the tarai, are bedded with texturally different 
soils. The bhabar soil is sandy to gravelly, highly porous 
and aerated, and has lower moisture-retaining capacity, 
while the tarai jsone is provided with rich clayey soil, 
with some proportion of fine sand, moisture and rich 
humus. The two zones are thickly forested. The deforestation 
in the tarai is bringing considerable changes in the soil 
texture, humus content, etc. 
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The forests can be grouped as tropical moist 
deciduous, tropical wet and sub-tropical dry. Tropical 
moist deciduous forests are confined to the tarai areas. 
The available species of the tarai forest is sal, but is 
poorest in quality as compared to the bhabar sal. The 
second group of the forests is a little more open and mixed 
with semal. The tarai is also known for tall grosses, 
like the elephant grass, kans, munj, etc. In sub-tropical 
dry area, especially in the western part, shisham, batul, 
kbair and semal are the main species seldom occupying in 
larger patches. 
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CHAPTER VI 
WESTERN UTTAR PRADESH : TECHKDLOGICAi 
AND INSTITUTIONAL FACTORS 
(SPREAD AND DIFFUSION) 
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The process of agricultural diffusion is the 
spread of new varieties of seeds and implements in space 
over time. Agriculture is an operation of the cultivation 
of crops and the production obtained from land. The 
process of cultivation and production requires the help 
of human labour, mechanical implements, fertilizers, 
irrigation and pesticides. Innovation is a change in the 
established methods of agricultural practices with the 
help of private ' intuitions and the government machineries. 
The technological change and spatial diffusion 
of agricultural innovations mainly depends on economic 
condition, size of farm, irrigation facilities aind literacy 
standard of the farmers. It reveals that better the 
economic condition of the farmer, larger will be the 
technological change as he is capable to withstand the 
loss, if any; similarly the farmers who have leirger fields 
s tart the use fertilizers earlier and give high doses as 
compared to the farmers having fields of smaller size. 
The technological change in agriculture consists 
of adoption of farming techniques developed through research 
and calculated to bring out diversification and increase 
in production and greater economic return to farmers. 
The use of fertilizers, improved varieties of seeds, 
pesticides and fungicides, improved irrigation facilities, 
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new agricultural implements and contour bunding are some 
of the examples of such techniques. Needless to mention 
that in spite of such a crucial need, there is a lack of 
technological change and diffusion of agricultural 
innovations in India. 
The author in the following discription has tried 
to discuss and assess the diffusion of various technologious 
and institutious in the districts of western Uttar Pradesh 
from 1966 to 1977. 
The process of diffusion of the technological 
and institutional innovations in the various districts of 
western Uttar Pradesh is highly uneven. It was more 
favourable in the districts of northern and north-western 
parts of the region and unfavourable in the south and 
southeastern parts of the region. In so far as the 
irrigation is concern in 1966, Canal irrigation was well 
developed in the north-western parts especially in 
Muzaffarnagar, Meerut and Bulandshahr districts. The 
tube-well irrigation was concentrated in the north and 
northwestern part of the region. While as the well irrigation 
is mostly practiced in the districts of Moradabad, Budaun 
and Aligarh which form a distinct belt in the central part 
of the region. 
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During 1976, the highest percentage under canal 
irrigation was in the district of Saharanpur, Muzaffarnagar, 
Meerut, Bulandshahr and Aligarh. These districts combindly 
form a distinct belt in the north-western part of the 
region, well irrigation is mostly practiced in the districts 
of Moradabad, Budaun and Etah. These districts are lying 
in the central part of the region. Tube-well irrigation 
concentrated in the northern and north-western part of 
the region. 
The percentage of cultivated area under HYVs has 
improved very much during the period 19^6 to 1976, In 
1966, only three districts, namely, Muzaffarnagar, Meerut 
and Aligarh had a high percentage of cultivated area under 
HYVs. But during 1976, all the districts in the north 
and north-western parts and south-western part had a high 
percentage of cultivated area under HYVs, While as the 
other districts except Aligarh had 15-50 per cent of the 
cultivated area under HYVs. These districts combindly form 
a distinct belt in the eastern part of the region. 
So far as the consumption of fertilizers is concern 
only five districts had a high consumption of fertilizers 
in 1966. These includes the three districts, .namely, 
Muzaffarnagar, Meerut and Moradabad in the northern part 
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of the region. Besides, the districts of Aligarh and 
Etah lying in the central part of the region hgid also high 
consumption of fertilizers. Only four districts, two each 
lying on the eastern and western part of the region, had 
low consumption of fertilizers. The diffusion of fertilizers 
in 1976 had not changed much^ only two districts 
Muzaffarnagar and Meerut lying on the western border of 
the region had high consumption of fertilizers. The other 
districts of the region, mostly lying in the interior of 
the region had average consumption of fertilizers. All 
the districts which had low consumption of fertilizers 
are lying on the south-eastern and north-western parts of 
the region, 
Numher of tractors per ten thousand of cultivated 
area was above ten in the three districts of Sahai^npur, 
Muzaffarnagar and Meerut lying in the northern part of the 
region in 1966. Most districts in the central and south-
western part of the region had less than five tractors per 
ten thousand hectare of cultivated area. Only four districts 
namely, Moradabad, Aligarh, Bulandshahr and Budaun forming 
a distinct belt in the central part of the region had 
5-10 tractors per ten thousand, hectare of cultivated area. 
So far as the diffusion of tractors in 1976 is concern, 
only Muzaffarnagar had above 100 tractors per ten thousand 
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hectare of cultivated area. Only four districts, namely, 
Saharanpur, Meerut, Shahjahanpur and Mathura had 50-100 
tractors per ten thousand hectare of cultivated area. 
Where as the other districts had below 50 tractorB, 
A comparative study of the diffusion of tractors 
and ploughs shows that the districts which had highest 
number of tractors in 1966 had lowest number of ploughs 
in the same period and vice versa. However, all the districts 
lying on the western margin of the region except Saharanpur 
and Mathura had 200-500 ploughs per thousand hectare of 
cultivated area. All the districts lying in the south-
eastern part of the region had highest number of ploughs 
per thousand hectare of cultivated area. In 1976, the 
diffusion of tractors was less because of the diffusion of 
more tractors. All the districts of the region lying on 
the north and north-western part of the region had only 
150-300 ploughs per thousand hectare of cultivated area. 
Only three districts, namely, Farrukhabad, Etawah and 
Budaun had 400-600 ploughs per thousand hectare of 
cultivated area. Only three districts, namely, Agra, 
Mainpuri and Etah had 300-450 ploughs per thousand hectare. 
These districts form a belt in the south-centi*al part of 
the region. 
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The use of threshers i n the region in 1966 was 
not common. Only Etawah d i s t r i c t had above 20 th reshers 
per t en thousand hec ta re . The remaining had below 20 
t h r e s h e r s . However, the use of th reshers in 1976, due 
to the advent of green revolu t ion had increased considerably. 
In a l l the d i s t r i c t s of the region, the highest concentra t ion 
of threshers of about 150-300 was found in the north and 
north-western par t of the region. While as the remaining 
d i s t r i c t s of the region had less than 150 threshers per 
t en thousand hec ta re . 
In 1966, the d i s t r i c t s where the a g r i c u l t u r e was 
well developed, had h ighes t ag r i cu l tu re c r e d i t . These 
includes the d i s t r i c t s of Saharanpur, Meerut, Bulandshahr, 
Budaun, Stah, Mainpuri and Shahjahanpur forming a d i s t i n c t 
b e l t in the cen t ra l and eas te rn par t of the region. During 
1976, the a g r i c u l t u r a l c r e d i t does not show any considerable 
change. All the d i s t r i c t s i n the north and north-western 
par t of the region had over hundred thousand rupees per 
thousand hec ta re . While the remaining d i s t r i c t s lying in 
the south and south-eas te rn part of the region had l e s s than 
f i f t y thousand rupees c r e d i t per thousand hec t a r e . 
The t o t a l i r r i g a t e d area of Saharanpur increased 
from 27 per cent i n 1966 to 39.71 per cent i n 1976. Out of 
t o t a l i r r i g a t e d area in the d i s t r i c t , the area under canal 
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i r r i g a t i o n was 55.59 per cent , under well i r r i g a t i o n was 
18.66 per cent and under tube-well i r r i g a t i o n 25.02 per cent 
i n 1966. In 1976, the area under canal i r r i g a t i o n 
decreased and there was a phenomenal increase in tube-well 
i r r i g a t i o n . The i r r i g a t e d area by canal was 37.37 per cent , 
by wells 4.50 per cent and by tube-wells 57.52 per cent 
(F igs .4 and 5 ) . Tbe f e r t i l i z e r consumption i n the d i s t r i e t -
r o j e from 5.93 in 1966 to 35.77 kg/hectare in 1976 
(Figs .6 and 7 ) . The area under high y ie ld ing v a r i e t i e s 
of seeds increase from 0.94 per cent in 1966 to 33.75 
per cent in 1976 of the t o t a l cropped area (Figs .8 and 9 ) . 
There were .96 t r ac to r s per ten thousand hectares in 1966 
which increased to 8.08 per ten thousand hectare (Figs.10 
and 11). The number of threshers increased from 1.83 in 
1966 to 19.53 in 1976 per thousand hectare (Figs.12 and 13). 
The niunber of ploughs increased from 186.00 in 1966 to 
201.28 in 1976 per thousand hectare (Figs.14 and 15). As 
f a r as i n s t i t u t i o n a l innovation i s concern, Saharanpur i s 
well supplied by the c red i t supply. The a g r i c u l t u r a l 
c r e d i t advanced by cooperative banks and primary a g r i c u l t u r a l 
c r e d i t soc i e t i e s rose from 92.23 in I966 to 112.44 in 1976 
in 000 fis. (Figs.16 and 17). 
In the d i s t r i c t of Muzaffarnagar the t o t a l 
i r r i g a t e d area in 1966 was 49.80 per cent and in 1976, i t 
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was 55.85 per cent . The area under canal i r r i g a t i o n was 
48.75 per cent , under well i r r i g a t i o n 4.65 per cent and 
under tube-well i r r i g a t i o n i t was 45.91 per cent in 1976. 
While in 1966, the i r r i g a t e d area by canal was 59.59 
per cent , by wells 15.52 per cent and by tube-wells 26.41 
per cent out of t o t a l i r r i g a t e d area (Figs.4 and 5 ) . The 
d i f fus ion of f e r t i l i z e r s took place very f a s t . The 
consumption of NPK increased from 9.65 kg/hectare in 1966 
to 45.87 in 1976 in kg/hectare (Figs .6 and 7 ) . The area 
under high y i e ld ing v a r i e t i e s of seeds also increased very 
much. I t rose from 2.14 per cent i n 1966 to 56.90 per cent 
in 1976 out of t o t a l cropped area (Figs .8 and 9 ) . The 
d i s t r i c t having highest number of t r a c t o r s per ten thousand 
hectare in the region (Figs .7 and 8 ) . The number of 
t r a c t o r s increased from 2.57 in 1966 to 15.25 in 1976 
per ten thousand hectare (Figs.10 and 11). The number of 
t h re she r s in 1966 were .74 per thousand hec tare while in 
1976 i t were 21.58 per thousand hectare (Figs,12 and 15). 
As t h i s area i s well advanced in ag r i cu l t u r e using h ighes t 
number of t r a c t o r s in the region, the number of ploughs 
i s small . In I966 the number of ploughs were 255.54 per 
thousand hectare as in 1976, i t were 271.17 per thousand 
hec tare (Figs.14 and 15). The area i s well supplied by 
a g r i c u l t u r a l c r e d i t . The a g r i c u l t u r a l c r e d i t advanced by 
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cooperat ive banks and primary a g r i c u l t u r a l c r e d i t s o c i e t i e s 
increased from 61.76 in 1966 to 150.18 in 000 Re. in I976 
(Figs.16 and 17). 
Meerut d i s t r i c t i s very well i r r i g a t e d d i s t r i c t 
having the l a rges t i r r i g a t e d area among a l l the d i s t r i c t s of 
western Uttar Pradesh. The t o t a l i r r i g a t e d area i n I966 
was 52.11 per cent while 55.67 per cent in 1976 out of t o t a l 
cropped area . In 1966, the area under canal i r r i g a t i o n was 
48.67 per cent , under well i r r i g a t i o n 21.89 and under 
tube-well 28.27 per cent while in 1976 the area under canal 
i r r i g a t i o n was 38.50 per cent , under well i r r i g a t i o n 8,01 
and under tube-well i r r i g a t i o n 52.33 per cent out of t o t a l 
i r r i g a t e d area i n the d i s t r i c t (Figs .4 and 5 ) . The 
consumption of MPK was highest i n both years among a l l the 
d i s t r i c t s of western Uttar Pradesh. I t was 6,57 kg/hectare 
in 1966 and 50.16 kg/hectare in 1976 (Pigs .6 and 7 ) . The 
area under high y ie ld ing v a r i e t i e s o f seeds has also 
increased. In 1966 i t was 2.00 per cent while i n 1976 i t 
was 33.55 per cent out of t o t a l cropped area (F igs ,8 and 9 ) . 
In 1966, the number of t r a c t o r s were 1.22 per ten thousand 
hectare and increased to 9.45 per t en thousand hectare in 
1976 (Figs.10 and 11). The use of threshers in the d i s t r i c t 
i s a lso much. The number of threshers were 1,51 per 
thousand hectare i n 1966 and 36.69 per thousand hectare in 
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1976 (Figs.12 and 13). The number of ploughs increased 
from 231.57 in 1966 to 281.75 in 1976 per thousand hec ta re 
(F igs . 14 and 15). The ag r i cu l t u r a l c r e d i t advanced by the 
cooperative banks and primary a g r i c u l t u r a l c r e d i t s o c i e t i e s 
increased from 78.15 in 1966 to 98.01 in 1976 (000 Rs.) 
(Figs.16 and 17). 
The t o t a l i r r i g a t e d area in Bulandshahr, was 
48.45 per cent in 1966 and 53.26 per cent in 1976 out of 
t o t a l cropped area . The area i r r i g a t e d by canal was 34.04 
per c e n t , by wells 31.92 per cent and by tube~wells 32.24 
per cent in 1966 while 28.05 per cent by canal , 10.74 
per cen t by wells and 59.75 per cent by tube-wells in 1976 
out of t o t a l i r r i g a t e d area (Pigs.4 and 5 ) . The consumption 
of f e r t i l i z e r s (NPK) increased from 5.93 kg/hectare in 
1966 to 34.41 kg/hectare in 1976 (Figs .6 and 7 ) . The 
percentage of area under HYVs of seeds has increased much. 
Out of t o t a l cropped a rea , 2,14 per cent area was under 
high y ie ld ing v a r i e t i e s of seeds in 1966 while i t was 
36.90 per cent in 1976 (Figs .8 and 9 ) . The process of 
d i f fus ion of t r a c t o r s i n the d i s t r i c t i s slow. The number 
of t r a c t o r s were .51 per t e n thousand hectare in 1966 and 
3.50 per t en thousand hectare in 1976 (Figs.10 and 11). 
The number of threshers increased very much while the ploughs 
were reduce in number. The number of th reshers were .49 in 
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1966 and 61.84 per thousand hectare in I976 (Figs .12 and 13). 
The ploughs which were 218.26 in 1966 comes down to 184.59 
per thousand hectare in 1976 (Figs,14 and 15). The 
a g r i c u l t u r a l c red i t advanced by cooperative banks and 
primary a g r i c u l t u r a l c r ed i t soo ie t i ea in 000 Ro. was 109.26 
i n 1966 and 155.61 in 1976 (Fig3. l6 and 17). 
Aligarh i s having well i r r i g a t i o n f a c i l i t i e s . 
The t o t a l i r r i g a t e d area in 1966 was 51.25 per cent out of 
t o t a l cropped area and i t rose to 55.27 per cent in 1976. 
In 1966 Aligarh was dominated by canal i r r i g a t i o n a s i t was 
35.44 per cen t . The i r r i g a t e d area by wells was 55.81 
per cent and by tube-wells i t was 29.61 per cen t . But in 
the concentrat ion of canal i r r i g a t i o n was shif ted to tube-
well i r r i g a t i o n in 1976. The i r r i g a t e d area by canal in 
the year was 28.59 per cent by wells 9.60 per cent and by 
tube-wel ls 60.96 per cent out of t o t a l i r r i g a t e d area 
(Figs .4 and 5 ) . The consumption of NPK was not increased 
very much. In the previous year (I966) the consumption of 
NPK was 8.14 kg/hectare and in 1976 i t was 21.58 kg/hectare 
(F igs .6 and 7) . The reason of highest consumption of 
f e r t i l i z e r s in 1966 among a l l the d i s t r i c t s of western 
Ut ta r Pradesh perhaps i s t ha t during the same year the 
"Green Revolution" was s t a r t ed and Aligarh was one of the 
seven d i s t r i c t s which were selected for In tens ive Area 
Development Programme (lADP).Under t h i s programme, the 
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d i s t r i c t was very well supplied by the f e r t i l i K e r s and 
o ther inpu t s . The area was not increased much as fa r as 
high yie ld ing v a r i e t i e s of seeds are concern. In 1966, the 
area under high y ie ld ing v a r i e t i e s o f seeds was h ighes t 
among a l l the d i s t r i c t B of western Ut ta r Pradesh as i t was 
2.94 per cent as compare to 4.42 per cent out of t o t a l 
cropped area in the d i s t r i c t in 1976 (Pigs ,8 and 9 ) . The 
number of t r a c t o r s were ,25 per ten thousand hectare i n 
1966 and 2.41 in 1976 (Figs.10 and 11). The number of 
t h re she r s were increased very frequently in Aligarh. In 
1966 the number of threshers were 1.00 and rose to 72.86 
per thousand hectare in 1976, the highest number of threshers 
among a l l d i s t r i c t s of western Ut ta r Pradesh (Pigs.12 and 13). 
As far as number of ploughs in the d i s t r i c t a re concern, 
there was no change. I t were 214.61 in 1966 smd 214.25 
in 1976 per thousand hectare (Pigs,14 and 15)» The 
a g r i c u l t u r a l c r e d i t advanced by cooperative banks and 
primary a g r i c u l t u r a l c r ed i t s o c i e t i e s i n 000 Rs. was 
27.69 in 1966 and 45.10 in 1976 (F igs . l6 and 17). 
The i r r i g a t e d area in Mathura d i s t r i c t has a l so 
increased from 42.29 per cent in 1966 to 53.50 per cent of 
the t o t a l cropped area in 1976. Canals dominated in 
i r r i g a t i o n and commanded 70.03 per cent of the t o t a l 
i r r i g a t e d area while wells accounted per 19.09 per cent and 
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tube-wells 10.52 per cent. In 1976, the irrigated area 
by canal was 55.26 per cent, by wells 10.74 per Cent and 
by tube-wells 59.75 per cent, out of total irrigated area 
(Figs.4 and 5). The consumption of IlflPK in 1966 was 1.88 
kg/hectare and 9,56 kg/hectare in 1976 (Figs.6 and 7). 
The area under high yielding varieties of seeds increased 
very much. In 1966, the area under HYVs of seeds was 1.77 
per cent and rose 57.45 per cent in 1976, out of total 
cropped area (Figs.8 and 9). In 1966, there were ,59 tractors 
and in 1976, 6,05 per ten thousand hectare (Figs.10 and 11). 
The number of threshers were .80 in 1966 and 7.74 per 
thousand hectare in 1976 (Figs.12 and 15), The number of 
ploughs were 198.19 in 1966 and rose to 181.58 in 1976 
per thousand hectare in 1976 (Figs.14 and 15). The area is 
decreased in the supply of agricultural credit. The 
agricultural credit advanced by cooperative banks and primary 
agricultural credit societies in thousand rupees was 70.22 
in 1966 and 48,64 in 1976 (Figs,l6 and 17). 
As compare to the north-western region where the 
process of diffusion is fast in the north eastern and 
south-eastern parts of the region the process of diffusion 
is slow. 
In Moradabad, the total irrigated area was 52.00 
per cent in 1966 and 45.59 per cent in 1976. The irrigated 
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area by canal was Just 4.46 per cent, by wells 52.98 
per cent and by tube-wells 40.28 per cent in 1966 and 
irrigated area by canal was 5.56 per cent, by wells 43.04 
per cent and by tube-wells 46,17 and by others 4.93 per 
cent in 1976 (Figs.4 and 5). The consumption of fertilizers 
{NFK) was 6.59 kg/hectare in 1966 while in 1976 it was 
25.80 kg/hectare (Figs.6 and 7). Out of total cropped area, 
the area under high yielding varieties of seeds was .94 
per cent in 1966 and 36.85 per cent in 1976 (Figs.8 and 9). 
The total number of tractors in the district were ,63 per 
ten thousand hectare in 1966 and 4.53 in 1976 (Figs.10 and 11) 
The total number of threshers used per thousand hectare 
were .72 in I966 and 16.30 in 1976 (Pigs,12 and 13). 
Previously, the number of ploughs were 28,97 and in 1976, 
323.83 per thousand hectare (Figs.14 and 15). The 
agricultural credit advanced by cooperative banks and 
primary agricultural credit societies in the district was 
61,57 in Rs. thousand in 1966 and rose to 138.93 in 1976, 
the highest in north and south-eastern districts of 
western Uttar Pradesh (Figs.16 and 17). 
There was a small rise in irrigated area in Agra 
district. The irrigated area in 1966 was 32.39 per cent 
as compared to 40.33 per cent in 1976 out of total cropped 
area. The irrigated area by canal was 48,61 per cent. 
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by wells 56.01 per cent and tube-wells 13.85 per cent and 
by other sources i t was 1.23 per cent in I966 while in 
1976, the i r r i g a t e d area by canal was 26,03 per cen t , by 
wells 6,92 per cent , by tube-wells 65.64 per cent and by 
o ther sources i t was 1.10 per cent , out of t o t a l i r r i g a t e d 
area (Figs ,4 and 5 ) . The consumption of NPK in the d i s t r i c t 
in 1966 was 2.81 kg/hectare and 16.98 kg/hectare in 1976 
(F igs .6 and 7 ) . The axea under high y ie ld ing v a r i e t i e s of 
seeds increased from 1,22 per cent in 1966 to 35.47 per cent 
in 1976, out of t o t a l cropped area (Figs ,8 and 9 ) . In the 
d i s t r i c t s , the t o t a l number of t r a c t o r s were .47 per ten 
thousand hectare in 1966 and rose to 4.18 in 1976 (Figs,10 
and 11), The number of threshers were .50 per thousand 
hec ta res in 1966 and 11.57 in 1976 in the d i s t r i c t (Figs.12 
and 13). The number of ploughs were 297.80 per thousand 
hectare in 1966 and 318.45 in 1976 (Figa.14 and 15). The 
a g r i c u l t u r a l c red i t advanced by cooperative banks and 
primary a g r i c u l t u r a l c red i t s o c i e t i e s in Re. thousand was 
30,05 in 1966 and 55.47 in 1976 (F igs . l6 and 17). 
The t o t a l i r r i g a t e d area of the Etawah d i s t r i c t 
i n 1966 was 37.33 per cent and 46,89 per cent i n 1976, out 
of t o t a l cropped area . The i r r i g a t e d area by canal was 
h ighes t as 72.02 per cent , by wells 21.37 per cent , by 
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tube-wells 4.58 per cent and by others i t was jus t 1.93 
per cent in 1966 and in 1976, the i r r i g a t e d area by canal 
was 64 per cent , by wells 12.52 per cent , by tube-wel ls 
21.83 per cent and by other sources 1.34 per cent (Figs.4 
and 5 ) . The consumption of f e r t i l i z e r s i s not much in 
the d i s t r i c t . I t was 3.01 kg/hectare in 1966 and 14.21 
kg/hec ta re in 1976 (Figs .6 and 7 ) . The area under HYVs 
of seeds was 1.21 per cent in 1966 and 27.66 per cent in 
1976, out of t o t a l cropped area (Figs .8 and 9)« Ttie 
d i s t r i c t far behind in t r a c t o r as compare to other d i s t r i c t s . 
The t o t a l number of t r a c t o r s i n 1966 were ,33 and 1.78 
per t en thoussuid hectare in 1976 (Figs . 10 and 11). The 
number of threshers were 4.50 in 1966 and 21.50 per thousaxid 
hectare in 1976 (Figs.12 and 13). The number of ploughs 
were 254.91 in 1966 and 609.71 per thousand hectare in 
1976 (Figs.14 and 15). The a g r i c u l t u r a l c red i t advanced by 
cooperat ive banks and primary a g r i c u l t u r a l c r e d i t s o c i e t i e s 
in 1966 was 45.34 and 45.12 in Rs. thousand in 1976 
(Figs.16 and 17). 
The t o t a l i r r i g a t e d area of Etah d i s t r i c t i n 1966 
was 39.86 per cent while in 1976, i t was 68.09 per cent . 
The i r r i g a t e d area by canal was 43.35 per cent , by wells 
39.17 per cent , by tube-wells ju s t 1.40 per cent by other 
sources 15.77 per cent in 1966. In 1976, the i r r i g a t e d 
area by canal was 31.15 per cent , by wells 25.83 per cen t , 
13? 
by tube-wells 41.23 per cent and by other sources Just 
1.50 per cent (Figs.4 and 5 ) . In I966, the consumption 
of WPK increased from 6.50 kg/hectare to 37.76 kg/hectare 
in 1976 (Figs.6 and 7 ) . The area under high y ie ld ing 
v a r i e t i e s of seeds increased from 1.51 per cent in 1966 
to 34.21 per cent , out of t o t a l cropped area in 1976 
(F igs .8 and 9 ) . The number of t r a c t o r s increased from .37 
in 1966 to 2.05 per ten thousand hectare in 1976 (Figs.10 
and 11). In the d i s t r i c t s , the number of threshers were 
1.83 in 1966 and 10.32 per thousand hectare in 1976 
(F igs . 12 and 13). The number of ploughs increased from 
355.47 in 1966 to 421.37 per thousand hectare in 1976 
(Figs.14 and 15). The a g r i c u l t u r a l c r e d i t advanced by 
cooperat ive banks and primary a g r i c u l t u r a l c r e d i t s o c i e t i e s 
in thousand rupees increased from 12.46 in 1966 to 48.68 
in 1976 (Figs.16 and 17). 
In the d i s t r i c t of Mainpuri, the t o t a l i r r i g a t e d 
area was 45.68 per cent in 1966 and 52.39 per cent in 1976, 
out of t o t a l cropped a rea . The i r r i g a t e d area by canal was 
42.25 per cen t , by wells 37.14 per cen t , by tube-wells 
16.43 per cent and by other sources 3.89 per cent in 1966 
while in 1976, the i r r i g a t e d area by canal was 36.90 
per cent , by wells 13,44 per cent , by tube-wells 47.24 
per cent and by others 5.13 per cen t , out of t o t a l i r r i g a t e d 
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a r e a (Figs.4 and 5 ) . The consumption of NPK increased 
from 5.50 in 1966 to 22.35 kg/hectare in 1976 (Figs.6 and 7 ) . 
The area under high y ie ld ing v a r i e t i e s of seeds increased 
from 1,48 per cent in 1966 to 39.92 per cent in 1976, out 
of t o t a l cropped area (Figs.8 and 9 ) . In the d i s t r i c t s , 
the number of t r a c t o r s which were used were .10 per ten 
thousand hectare in 1966 and rose to 2.14 per ten thousand 
hec tare in 1976 (Figs,10 and 11). The number of th reshers 
increased from 1.24 in 1966 to 13.13 per thousand hectare 
i n 1976 (Figs.12 and 13). The number of ploughs in the 
d i s t r i c t were 347.97 in 1966 and 450.85 per thousand hectare 
in 1976 (Figs.14 and 15). The a g r i c u l t u r a l c r e d i t advanced 
by cooperative banks and primary a g r i c u l t u r a l c r e d i t 
s o c i e t i e s increased 26.96 in 1966 to 48.69 in rupees 
thousand i n 1976 (Figs.16 and 17). 
The t o t a l i r r i g a t e d area in Budaun in I966 was 
26.86 per cent which rose to 36,77 per cent in 1976. No 
par t of the land was i r r i g a t e d by cana l s . The concentrat ion 
of i r r i g a t i o n was on wells and tube-wel ls . The i r r i g a t e d 
a rea by wells was 52.00 per cen t , by tube-wells 42.28 
per cent and by other sources 4.31 per cent in 1966 and 
in 1976, by canal i t was again zero, by wells 46.17 per cen t , 
by tube-wells 50.33 per cent and by other sources 3.21 
per cent (Figs.4 and 5 ) . The consumption of IIPK in the 
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d i s t r i c t increased from 4.87 in 19^6 to 19.07 kg/hectare 
in 1976 (Pigs.6 and 7 ) . The area under high y i e ld ing 
v a r i e t i e s of seeds in 1966 was 0.67 per cent and in 1976 
i t was 28,17 per cent , out of t o t a l cropped area (P igs ,8 
and 9 ) . D i s t r i c t i s behind to the other d i s t r i c t s of the 
a rea in t r a c t o r s . The number of t r a c t o r s in 1966 were 
.11 per ten thousand hectare while in 1976, i t were 1.51 
per ten thousand hec tare (Pigs,10 and 11). The number of 
th reshe r s increased from .21 per thousand hectare in 1966 to 
6.05 in 1976 (Figs.12 and 15). The number of ploughs rose 
from 569.07 per thousand hectare in 1966 to 454.25 in 
1976 (Pigs,14 and 15). The a g r i c u l t u r a l c r e d i t advanced 
by cooperative banks and primary a g r i c u l t u r a l c r ed i t 
s o c i e t i e s increased from 25.45 in 1966 (000 Rs,) to 58.50 
in 1976 (000 Rs.) (Pigs.16 and 17). 
In Farrukhabad, the t o t a l i r r i g a t e d area increased 
from 20.95 per cent in 1966 to 59.01 per cent in 1976, out 
of t o t a l cropped a rea . The i r r i g a t e d area by canal was 
4 5.50 per cent , by wells 6.62 per cent , by tube-wells 
42,04 per cent and by other sources 5.52 per cent in 1966. 
In 1976, the i r r i ga t ed area by canal was 16,01 per cen t , 
by wells 19.02 per cent , by tube-wells 58.28 per cent and 
by other sources 6.40 per cent , out of t o t a l i r r i g a t e d 
a rea (Pigs.4 and 5 ) . The consumption of KPK increased 
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from 1.52 kg/hectare in I966 to 31.18 kg/hectare in 1976 
(Figs.6 and 7). The percentage of area under high yielding 
varieties of seeds was 1.18 in 1966 while in 1976 it was 
25.45 per cent, out of total cropped area (Figs.8 and 9). 
The number of tractors increased from .13 pe^ i^  ten thousand 
hectare in 1966 to 1.31 in 1976 (Figs.10 and 11), In the 
district , the number of threshere increased from 1.10 in 
1966 to 4.93 per thousand hectare in 1976 (Pigs,12 and 13). 
The agricultural credit advanced by cooperative banks and 
primary agricultural credit societies decreased from 
64.54 in thousand rupees in 1966 to 44.79 in thousand 
rupees in 1976 (Figs.16 and 17). 
The increase in irrigated area in Sliahjahanpur 
district was high with a rise upto from 21 per cent in 
1966 to 37.90 per cent in 1976. The irrigated area by 
canal was 51.52 per cent by wells 18.21 per cent, by tube-
wells 18.27 per cent and by other sources 11.70 per cent 
in 1966. In 1976, the irrigated area by canal was 32.84 
per cent, by wells 11.32 per cent, by tube-wells 46.66 
per cent and by other sources 8.85 per cent, out of total 
cropped area (Figs.4 and 5). The fertilizer consumption 
increased from 1.95 kg/hectare in 1966 to 16.71 kg/hectare 
in 1976 (Figs.6 and 7). The area under high yielding 
varieties of seeds rose from 0.54 per cent in 1966 to 
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28.50 per cent in 1976, out of t o t a l cropped area (Figs .8 
and 9 ) . The number of t r ac to r s increased from .57 per ten 
thousand hectare in 1966 to 6.90 per ten thousand hectare 
i n 1976 (Figs.10 and 11). In 1966, the number of threshers 
were 0.30 per thousand hectare and rose to 9..00 per 
thousand hectare in 1976 (Figs.12 and 13). The number of 
ploughs in the d i s t r i c t increased from 369.99 in 1966 to 
462.68 per thousand hectare in 1976 (Pigs.14 and 15). The 
a g r i c u l t u r a l c red i t advanced by cooperative banks and primary 
a g r i c u l t u r a l c red i t s o c i e t i e s increased from 29.50 in 
1966 to 41.83 in thousand rupees in 1976 (Figs.16 and 17). 
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CHAPTER V I I 
WESTERN UTTAR PRADESH : AaRICULTORAL 
PRODUCTIVITY 
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One of the major objectives of the development 
of agriculture in India is to bring about progressive 
reduction in regional inequalities in the pace of development 
and in the diffusion of technological benefits. The 
process of development in the backward regions should be 
upgraded while mainting the progress of those areas which 
are relatively more developed. The diffusion of skill and 
technology in the less developed areas is bound to bring 
about greater improvement in agricultural productivity. 
There are marked difference in the agricultural productivity 
per hectare in the districts of western Uttar Pradesh, but 
it is necessary to measure the agricultural productivity 
in the different districts of western Uttar Pradesh so that 
a strategy may chalked out to reduce the regioKial imbalances. 
Agricultural productivity is a multidimensional 
concept, which includes technological advancement and 
institutional setup for the agricultural production. These 
factors in turn affect the relative production of western 
Uttar Pradesh. 
In order to assess the productivity variations in 
each of the fourteen districts of western Uttar Pradesh, 
computation of agricultural productivity, based on output 
per hectare of cropped land (price weighted in Rs.) have 
been applied, considering all the food crops grown in the 
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study area namely, rice, jowar, bajra, maize, wheat, 
barley, gram, pigeon-pea, peas, other pulses, oilseeds, 
potatoes and sugarcane since the beginning of "Green 
Revolution" (1966-67) in western Uttar Pradesh and (1975-76). 
Productivity based on agricultural output per 
hectare may accounted due to certain advantages, because 
land is the most permanent and fixed among other factors 
for evaluating productivity. Recently, it has assumed a 
special attention due to population explosions and the 
relative returns from it. Therefore, to evaluate productivity 
indices in each district farm state level harvest prices 
for the considering years have been incorporated. This 
gives the agricultural output have been computed by 
multipling the harvest price to the production of crop 
concerned. These products were finally added up and 
divided by the total crop area to get the value of output 
per hectare (in fis.). 
PKODUCTIVITY REGIOMS BASED ON OUTPUT PKR 
JlJ^ CTAKi:; OF CHOPPED LAND ( 1 9 ^ 
There are many ways of finding the productivity 
of land. It may be calculated on the basis of an index 
value of the selected food crops in terms of rupees per 
hectare. The total production of each crop in each district 
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for the year is multiplied by the money value of the crop 
and the money value of all the selected food crops in each 
district for the same year is thus obtained. The summation 
of all the money values in each district is divided by 
the area of all the crops considered in hectares. The 
author applied this method to calculate agricultural 
productivity of western Uttar Pradesh for the year 1966, 
The results thus obtained are grouped into three classes 
of high, medium and low productivity levels (Fig.18), 
Productivity index range Number of districts 
included 
736.87 - 978,02 9 
1259.79 - 1268,28 2 
1471.68 - 1558.12 5 
1 .High Product iv i ty Level 
The d i s t r i c t s of Muzaffarnagar, Aligarh and 
Mathura cons t i t u t i ng t h i s region show an output between 
Ks.1471.68 and 1538.12 per hec ta re . 
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2. Medium Productivity Level 
The districts of Saharanpur and Bulandshahr are 
the two districts having an output of Rs.1268,,28 and 
Rs.1239.79 per hectare comes under this region. 
3 . Low Productivity Level 
There are nine districts, namely, Meorut, Agra, 
Mainpuri, Etah, Budaun, Moradabad, Shahjahanpur, Farrukhabad 
and Etawah which fall in this region. These districts 
show an output between Rs.736.82 to Rs.978,02 per hectare. 
PRODUCTIVITY REGIONS. BASED ON OUTPUT PER 
HECTARE OF CROPPED"LAND - 1976 
The index is based on the value of selected food 
crops in terms of rupees per hectare. The total production 
of each crop in each district for the year 1976 was 
multiplied by the money value of the crop and the money 
value of all the selected food crops in each district for 
the same year was thus obtained. The summation of all 
the money values in each district was divided by the area 
of all the crops considered in hectares. The result thus 
obtained was grouped into three classes of high, medium 
and low productivity levels (Fig,19). 
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Productivity index range Number of districts 
included 
2415.30 - 2528.00 2 
1556.41 - 1985.16 4 
1105.98 - 1497.00 ' 8 
Growth Rate 
The highest growth based on this index is recorded 
as 17.58 per cent per annum in the district of Meerut 
followed by Etawah and Shahjahanpur where the growth rate 
is 8.66 and 8.00 per cent per annum respectively. 
Farrukhabad, Muzaffarnagar and Bulandshahr show the growth 
of 6.76 per cent, 6.59 per cent and 6.01 per cent per annum 
respectively. The districts of Moradabad, Sahsiranpur, 
Mainpuri, and Etah recorded the growth rate leas than 
6 per cent per annum. The districts of Agra, Budaun and 
Mathura recorded the lowest growth with less tlian 4 per cent 
per annum. A negative rate was seen in Aligarh district 
where it was -.01 per cent per annum (Pig.19). 
15? 
1 . High Product ivi ty Level 
The two d i s t r i c t s of Muzaffarnagar and Meerut f a l l 
under t h i s region showing an output of Rs.2413.30 and 
Rs.2528.00 respec t ive ly per hec ta re . The two d i s t r i c t s 
of Meerut and Muzaffarnagar in the region of high product iv i ty 
l eve l show a moderately high r a t e of growth in product iv i ty 
where the output per hectare shows an annual increase of 
17.58 per cent , the highest in western Ut tar Pradesh and 
6.39 per cent respec t ive ly (F ig .19) . 
2 . Medium Product ivi ty Level 
Four districts namely Saharanpur, Bulandshahr, 
Aligarh and Mathura constituting this region show an output 
between Rs.1536.41 to Rs.1985.16 per hectare. The maximum 
growth rate in this region is 6.01 per cent in the district 
of Bulandshahr followed by Saharanpur having a rate of 
growth of 5.25 per cent per annum. The remaining two districts 
namely Aligarh have a negative growth rate as -.01 per cent 
per annum and Mathura very less growth rate as 0.86 per cent 
per annum (Fig,19). 
3 . Low Productivi ty Level 
There are eight districts namely, Agrji, Mainpuri, 
Etah, Budaun, Moradabad, Shahjahanpur, Farrukhabad and 
Etawah which comes under this region. These districts have 
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an output between Rs.2413.30 to Rs.2528.00 per .tiectare. 
The maximum growth r a t e in t h i s region i s 8.66 per cent 
per annum in the d i s t r i c t of Etawah which i s followed by 
Shahjahanpur 8.00 per cent per annum and by Farrukhabad 
6,76 per cent per annum. But the majority of the d i s t r i c t s 
show a r a t e of increase l e s s than 5 per cent per annum 
(F ig .19 ) . 
Growth Regions 
On the bas i s of v a r i a t i o n s i n product iv i ty and 
growth of a g r i c u l t u r a l a c t i v i l y , i t i s poss ib le to d iv ide 
whole area in to the following regions . 
1. Dynamic Region 
2. Progressive Region 
3 . Stagnant Region 
1. Dynamic Region 
It will be seen from the Fig.18 that the high 
level of productivity includes three districts of 
Muzaffarnagar, Aligarh and Mathura. The region shows a 
high level of productivity with a high rate of growth. 
The high level and growth of productivity of 
this region are related to the introduction of "Green 
Revolution" based on the availability of infra-structure 
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facilities. The intensity of irrigation is more than 
50 per cent in both the districts (Fig.5). The coverage of 
area under high yielding varieties programme was more 
50 per cent, out of total cropped area in both the districts 
(Fig.9). The consumption of fertilizers (NPK) was more 
than 40 kg/hectare in Muzaffarnagar and more tlian 50 kg/hectare, 
the highest in western Uttar Pradesh in Meerut (Fig.7), 
The number of tractors in Meerut district were more than 
15 per ten thousand hectare again the highest in western 
Uttar Pradesh (Fig. 11). While in Muzaffarnagai', it were 
more than 9 per ten thousand hectare. The number of 
threshers were more than 20 per thousand hectare in 
Muzaffarnagar and more than 56 per thousand hectare in 
Meerut (Fig.13). The agricultural credit, supplied by both 
agencies in Muzaffarnagar district was more than 150 and 
til,'in 
more/90 in Meerut in 000 Rs/ thousand hectare (Fig.17). 
There is a phenomenal change in 1976. Aligarh and Mathura 
diotrlcts which were previously under high level of 
productivity and high growth rate fall under the medium 
level of productivity and the growth rate of these districts 
decreased very much. In case of Aligarh district there is 
a negative growth rate as -.01 per cent per annum while in 
Mathura, the rate of growth is just 0.86 per cent annually. 
The reasons for negative growth rate in Aligarh and very 
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less in Mathura districts are the shortage of supply of 
agricultural credit, low fertilizer consumption, very less 
area under high yielding varieties of seeds, inadequate 
irrigation facilities and less number of tractors. 
In 1966, Meerut district was fall under the low 
productivity level but in 1976, it jumped to high productivity 
level with highest growth rate. It was mainly due to the 
extension of area under irrigation and under high yielding 
varieties of seeds, much consumption of fertilizers, use 
of modern implements increased very much and eigricultural 
credit advanced by cooperative banks and primary agricultural 
credit societies has increased very much (Pig,19), 
2. Progressive Region 
This region includes a belt comprising six districts 
of Bulandshahr, Mainpuri, Moradabad, Shahjahanpur, 
Farrukhabad and Etawah. Out of these, Bulandshahr falls 
under the medium productivity level and the rest under low 
productivity. The district of Bulandshahr is progressive 
in the sense that despite the medium level of productivity 
it shows a high rate of growth which ushers a promising 
future development of the area. The other districts have 
the low level of productivity but show a high rate of 
growth which ushers a promising future development of the 
areas. 
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The progressive character of these areas is due 
to different combinations of infrastructural facilities in 
the constituent districts. The intensity of irrigation 
is more than 40 per cent in Moradabad and Etawah district, 
more than 30 per cent in Shahjahanpur and Farrukhabad and 
more than 50 per cent in Bulandshahr and Mainpuri (Fig.5). 
The coverage of area under high yielding varieties 
programme was more than 20 per cent in Farrukhabad, Etawah 
and Shahjahanpur and more than 50 per cent in Moradabad, 
Bulandshahr and Mainpuri districts (Fig.9). The consumption 
of WPK recorded was between 50-55 kg/hectare in Bulandshahr 
and Farrukhabad, between 20-25 kg/hectare in Moi'adabad 
and Mainpuri and between 15-20 kg/hectare in Etawah and 
Shahjahanpur (Fig.7). The facilities of agricultural 
credit by both the agencies in the districts of Bulandshahr 
and Moradabad was between 150-140 in 000 Rs./thousand 
hectare (Fig.17). 
3. Stagnant Region 
This region includes the districts of Budaun, 
Etah and Agra. All these districts are characterized by 
low level of productivity and low rate of growth. The low 
level of productivity with a low rate of growth in this 
region is associated with the intensity of area under 
15? 
i r r i g a t i o n more than 50 per cent except Agra where i t i s 
s l i g h t l y over 40 per cent (P ig .5 ) . The coverage of area 
under high y ie ld ing v a r i e t i e s programme was more than 
20 per cent in Agra and Budaun, In Etah d i s t r i c t i t was 
more than 30 per cent ( F i g . 9 ) . The consumption of NPK 
recorded was between 15-20 kg/hectare in Agra and Etah 
and Oyer 30 per cent in Budaun (P ig ,7 ) . The a g r i c u l t u r a l 
c r e d i t advanced by both agencies namely, cooperative banks 
and primary a g r i c u l t u r a l c r e d i t s o c i e t i e s ranges from 
Rs,50-60 in 000/thousand hectare in the d i s t r i c t s of 
Budaun and Agra while over Rs.40 in 000/ thousand hectare 
in Etah d i s t r i c t (F ig .17) . 
15 
SELECTED BIBLIOGRAPHY 
BOOKS AND JOURNALS 
A grawal, A. N., Indian Agriculture and Problems, 
Delhi, 1951, 
Agrawal, G.D. and Bansll, P.O., Economic Theory aa 
Applied to Agriculture, Delhi. 
Arora, V.P.S, and Sharma, J.S., "Optimal Allocation of 
Fertilizer Nutrients among Different Regions 
of Uttar Pradesh and Its Impact on Cropping 
Pattern and Production Levels", Agricultural 
Situation in India. Vol.56, No.l7 1981. 
Arshad, M., "Has Green Revolution Made Any Impact", 
Yojana, Vol.30, No.25, 1986. 
Bates, W.N., Mechanization of Tropical Crops. 
London, 1957. 
Bater, V.N., Mechanization of Tropical Agriculture. 
London, 1957. 
Bergmann, I., Mechanization of Indian Farming, 
B oma by, 197S^ 
Beteille, A., Studies in Agrarian Social Structure. 
Oxford, 1974. 
Bhatia, B.M., Poverty. Agriculture and Economic 
Growth. Kanpur. 1977. 
., Economic Structure of Indian Agriculture, 
Bombay, 1984. 
Bhalla, S., "Agricultural Growth - Role of Institution 
and Infra-structure Factors", Economic and 
Political Weekly. Vol.12, No.45. 
Boyle, J.E., Agricultural Economics, Philadelphia, 
1921. 
159 
Burney, S.M.H., "The Indian Seeds Act Assures -
Quality Seed to the Parmers", Indian 
Farming. Vol.20, No.5, 1970. 
Chand, M., Economic Problems in Indian Agriculture. 
Bombay, 195oT 
Chawdhari, T.P.S., Crop Loan System. Hyderabad, 1970. 
Combar, N.M, and Jones, T.H,, "An Introduction to 
Agricultural Chemistry. London. 1964. "" 
Dadibhavi, R.V., "Why these Interstate Disparities", 
Yojana. Vol.31, No.11, 1987. 
Dagli, v., Foundations of Indian Agriculture. 
Bombay, 1968. 
Dastane, N.O. and Patil, V.S., "Water Need of Crops", 
Indian Farming. Vol.17, No.10, 1968. 
Davies, C., Mechanised Agriculture. London, 1950. 
Desai, M., "Policies for Growth in Fertilizer 
Consumption: The Next Stage", Economic and 
Political Weekly. May 1986. 
Desai, V.R.M., The Strategy of Food and Agriculture 
in India. Bombay. 196Q. 
Dewal, M.C., Agriculture and Rural Development in 
India. New Delhi. 1982. 
Dhawan, B.D., "Irrigation Impact on Farm Economy", 
Economic and Political Weekly. Vol.20, 
No.39, 1985. 
Dixey, R.N., International Explorations of Agricultural 
Economics. Iowa, 1964. 
Durry, K., "Improving Agriculture Efficiency through 
Fertilizers", The Geographer. Vol.33, 
No.2, 1986. 
Ficher, C , Agriculture in Economic Development. 
London, 1964. 
160 
Folley, K.K.W., Intensive Crop gconomics. London, 
1973. 
Gotld, K.a., "Cooperative Finance and Weaker Sections", 
Yojana. Vol.31, No.4, 1987. 
Ignatieff, V., Efficient Use of Fertilizers. P.A.O., 
Agricultural Studies, Italy, No.43, 1958. 
Jain, S.C., Management in Agricultural Finance, 
Bombay, 1970. 
., Technological Changes and their Diffusion 
in Agriculture (ed.). Changing Indian 
Agriculture. Bombay, 1966. 
Jather, G.B. and Beri, 3.G., Indian Farming, 
Madras, 1949. 
Jather, G.B. and Beri, S.G., Indian Economics, 
Madras, 1949. 
Jean, P.M., Agriculture and Social Structure in 
Tamil ladu. New Delhi, 1978. 
Kanwar, J.S., "Fertilizer - The Kingpin in Agriculture", 
Indian Farming. Vol.18, No.12, 1969. 
Khan, W. and Tripathi, R.N., Intensive Agriculture 
and Modern Inputs, 1972. 
Khanna, S.S. and Mital, V.K., "Pest of Paddy and 
their Control in U.P." Indian Farming, 
Vol.20, No.4, 1970. 
Khare, H.P., Yojana, Vol.31, No.3, 1987. 
Khusro, A.M., Readings in Agricultural Development, 
Now Delhi, 1968. 
King, R. , Land Reform; A World Survey, London, 1977. 
Kootovsky, G., Agrarian Reforms in India, New Delhi. 
Kumaraswamy, S., "Expanding Role of Cooperative in 
Agriculture", Agricultural Situation in 
India, Vol.24, No.3, 1969. 
Kushwaha, K.S., Forage and Pasture Insect Pests of 
Rajasthan. New Delhi, 1977. 
161 
Mamonia, G.B. , A g r i c u l t u r a l Problems of I n d i a , 
Al lahabad, 1953. 
Manu, W.S. , "Scope f o r Conso l ida t i on of Holdings 
and S o i l Conserva t ion and i t s E f f ec t on 
A g r i c u l t u r a l P r o d u c t i o n " , Ind ian Jou rna l 
of A g r i c u l t u r a l Economics, Vo l .14 , No.3, 
1959. 
Mathur, K . S . , P l a n t - Disease , New York, 1969. 
Mandal, H . B . , Land U t i l i z a t i o n ; Theory and P r a c t i c e . 
New D e l h i , 198I. 
Mann, H.H. , The S o c i a l Framework of A g r i c u l t u r e . 
London, 197^. 
Mel lo r , J .W, , The Economics of A g r i c u l t u r a l 
Development. New York. 1966. 
Minhas, B .S . and Ma than , V. , "Growth of Crop Output 
i n Ind ia 1951-54 to 1958-61" , Ind ian 
Jou rna l of A g r i c u l t u r a l Economics, Vol .17 , 
Mishra , G .P . , Some Aspects of Change i n Agra r i an 
S t r u c t u r e . New De lh i , 1977. 
Mohammad, N., P e r s p e c t i v e s i n A g r i c u l t u r a l Geography, 
Vols . 1-5, New D e l E r r i 9 8 1 . 
. , "Technologica l Change and Di f fus ion of 
A g r i c u l t u r a l I n n o v a t i o n s " , P e r s p e c t i v e i n 
A g r i c u l t u r a l Geography, New^Delhi, V o l . 4 , 
T9ST: 
1)' Technological Change and Diffusion 
or Agricultural Innovations", The Geographer, 
Vol.23, N0.I, 1976. 
Mukerjee, K.K., Rural Economy of India, Delhi, 1930. 
Murray, J., Elements of Agriculture, London, 1972. 
Mukhopadhyay, 3.K., "Uources of Variations in 
Agricultural L^ roductivity A Cross Section", 
Time Series in India, Delhi, 1976. 
Nath, v., "Agricultural Growth in 1970's", Economic 
and Political Weekly, Vol.5, No.52. 
162 
N a i r , K . N . 3 . , Technologica l Ghan^eg in A g r i c u l t u r e , 
Impact on P r o d u c t i v i t y and Employment", 
New De lh i , 1980. 
Oaman, 14.A. , "Technologica l Change and i t s Di f fus ion 
i n A g r i c u l t u r e i s - E x i s t i n g I n s t i t u t i o n a l 
Se tup Adequate" , A g r i c u l t u r a l S i t u a t i o n in 
I n d i a , V o l . 2 1 , No.7, T3W. 
P a l , 13.P., "New Planning for Water Management Research" , 
Ind ian Farming. Vo l . 17 , No,10, 1968. 
P radhan , S . , I n s e c t P e s t s of Crops, New Delh i , 1969. 
Quizon, J . , "Withdrawal of F e r t i l i z e r S u b s i d i e s : 
An Economic A p p r a i s a l " , Economic and P o l i t i c a l 
Weekly, Vol .20 , No.39, September 1985. 
Ram, M., High Y i e l d i n g V a r i e t i e s of Crops, New D e l h i , 
1980. 
Rao, S .K. , " I n t e r - R e g i o n a l V a r i a t i o n s i n A g r i c u l t u r a l 
Growth", Economic and P o l i t i c a l Weekly, 
V o l . 6 , - N o . 2 7 , 1971. 
Raza, M., "Land Reforms and Land Use i n U . P . " 
The Geographer,• Spec ia l ' Number, 2 1 , 
I n t e r n a t i o n a l Geographical Congress , I n d i a , 
V o l . 1 5 , 1968. 
Rege, N.D. , "Water Management - A New Concept i n 
A g r i c u l t u r a l P l a n n i n g " , Ind ian Fanning, 
V o l . 2 3 , No. 11, 1969. 
Roy, Li,, " i r r i , : u t Ion Development under I n d i a " , 
New '^ ^lan (1978-83) - An A p p r a i s a l " , 
A g r i c u l t u r a l S i t u a t i o n i n I n d i a , Vo l ,34 , 
No.5, August 197^. 
Sen, i i .A. , S t a t i s t i c s of Crop Responses to F e r t i l i z e r s , 
Rome, 1966. 
S h a f i , iM., "Measurement of A g r i c u l t u r a l P r o d u c t i v i t y 
of the Great Ind ian P l a i n s " , The Geographer, 
1972, Vol .19 , N0. I . 
. , A g r i c u l t u r a l P r o d u c t i v i t y and Regional 
Imbalances , New Delh i , 1984. 
16' 
S h a f i , M., " I n c r e a s i n g our A g r i c u l t u r a l P r o d u c t i o n " , 
The Geographer, Vol .28 , No.1 , 1981. 
3harma, A.C. , Mechanizat ion of Punjab A g r i c u l t u r e , 
New Delh i , 1976. 
ij has t r y , b . V . 3 . , "New nigh Yie ld ing V a r i e t i e s of Rice -
Jaya and Padina", Indian Farming. Vo l . 18 , 
No. 11, 19t>9. 
3harma, A. N. , Economic S t r u c t u r e of I n d i a n A g r i c u l t u r e , 
Bombay, 1984. 
S h a f i , M. , " Inc reao ing our A g r i c u l t u r a l P r o d u c t i o n " , 
The Geographer. V o l . 2 8 , No.1, January 1981. 
Li h u k I a , P. , Ijconomics of Underdeveloped A g r i c u l t u r e , 
Bombay, 1969-
S ingh , R . P . , "P l an t P r o t e c t i o n - A Must", Yojana, 
Vo l .28 , No.11, 1984. 
Sir\--,^h, B. and Mishra, 3., A Study of Land Reforms i n 
U t t a r P radesh . C a l c u t t a , 1964. 
Sln,-:li, IV.L., I nd i a : A Kegion.-jl Geography, Varanas i , 
197l . 
S *tfa:ninathan, M.S. , Sc ience and the Conquest of Hunger. 
New De lh i , 1982. 
Symons, L . , A g r i c u l t u r a l Geography, London, 1968. 
Thimmalai, S . , Post-War Agr icu l tu ra , ! Problems and 
JH)]Joioi! In Tn(HH"7~"Bombay, 1954. 
T iwar i , S.N. , "Land Conso l ida t i on and I t s Impact 
on Land U t i l i z a t i o n , The Deccan Geographer, 
V o l . 8 , N00.I and 2 , 1970^ 
Vann, .J.H., A Geography of Landfonns. Lowa, 1971. 
Vasan t , N . S . , "Development of I r r i g a t i o n and Power i n 
I n d i a " , Yojana, Vo l .31 , No.6, A p r i l 1987. 
Vohra, B . B . , "Managing Ground Water E f f i c i e n c y " , 
Yojana, V o l . 3 1 , No.4, March 1978. 
I P 0 
Warniner , D. , Land Reform i n P r i n c i p l e and P r a c t i c e . 
0 X f o r 3 , 1969. 
Watson and HO r e , A^^riculture, London, 1962. 
Afjrarian Keform, Report of the Nat iona l Commission 
on A g r i c u l t u r e . New De lh i , P a r t 15, 197^". 
F .A .0 . , The S t a t e of Food and A/^ r icu l tu re , Home , 
1953, 1955, T9^8T 
F.A.O. , Pro^^ress in Land Reform. New York, 1951, 
pp.Sl-tU). 
P r o g r e s s of Land Reform, Government of I n d i a , P l ann ing 
Commission, 1963. 
Repor t of t he Congress Agra r i an Reform Committee, p .3B. 
Report of the Nat ional Commission on A g r i c u l t u r e , 
Government of I n d i a , Min i s t ry of A g r i c u l t u r e 
and I r r i g a t i o n , New De lh i , 1976, P a r t 15, 
p .184 . 
Smal l e r Farmers can Yield More: R a i s i n g A g r i c u l t a r a l 
I ' roduct iv i ty of Technologica l Change„ P.A.0. , 
United Na t ions , Rome , 1969, p . 14. 
U.N. Economic B u l l e t i n for Asia and Par E a s t , V o l , 1 1 , 
No.1, June I960, p . 8 . 
U.N. Economic B u l l e t i n f o r As ia and Far E a s t , V o l , 8 , 
No.3, 1957, p . 7 3 . 
